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ABSTRACT 
Understanding the thermodynamics of deoxyribonucleic acids (DNA) can 
greatly benefit the investigation of the relationship between the base composition and 
the stability of DNA structures. Therefore, accurate prediction of DNA thermodynamic 
parameters is important because stability of DNA structure tends to be sequence 
dependent. To predict the DNA stability, the nearest-neighbor (NN) model is 
commonly used. However, the accuracy of the prediction is limited because only 
interactions between nearest-neighbor base pairs are considered. 
In this thesis, a new thermodynamic model, the next nearest-neighbor (NNN) 
model, is introduced for predicting the thermodynamic stability of DNA. The 
thermodynamic parameters, enthalpy change (AH°), entropy change (AS。)，Gibbs free 
energy change (AG。) and melting temperature (Tm) were determined by melting 
temperature profiles of the pure AT and CG oligonucleotides obtained from UV 
spectroscopy under I M NaCl condition. These data have shown that in order to 
improve the accuracy of predicting the thermodynamic stability of DNA, the next 
nearest-neighbor (NNN) effect must also be taken into account. By comparing the 
thermodynamic parameters obtained from the NN model and the NNN model, the 




闡明脫氧核糖核酸熱動力學特性，對硏究 D N A 碱基組成 
與其穩定性的相互關係有很大的幫助。由於 D N A 结構的 
穩定性依類於其序列（组成和構型） °由此精確地預測 
D N A的熱動力學數據非常重要。最近相鄰模型 ( N N - M o d e l ) 
是常用的預測D N A穩定性的模型，但N N - M o d e l僅考慮最 
近 相 鄰 效 應 ， 故 其 準 確 性 受 到 限 制 。 
本文，闡述一個新的預測 D N A 穩定性的模型一“下一個最 
近相鄰模型，，。該模型之熱動力學數據的獲得是在 1 M 氯 
化 鈉 溶 液 中 ， 利 用 紫 外 分 光 光 度 儀 測 量 纯 化 的 A T 碱 基 和 
C G 碱 基 寡 核 基 酸 在 不 同 溫 度 的 紫 外 吸 收 光 譜 ° 測 量 數 據 
表 明 ： 在 預 測 D N A 熱 動 力 學 穏 定 性 時 ， 下 一 個 最 近 相 鄰 
效應必須考慮。通過比較N N - M o d e l和N N N - M o d e l，可以觀 
察 到 下 一 個 最 近 相 鄰 碱 基 的 相 對 穩 定 性 ， 從 而 使 預 測 
D N A 序 列 穩 定 性 的 準 確 性 得 到 了 很 大 的 提 高 。 下 一 個 最 
近 相 鄰 效 應 的 硏 究 使 得 D N A 序 列 穩 定 性 在 其 熱 動 力 學 硏 
究中更加具有理論依據。 
iv 
A CKNO WLED CEMENTS 
I wish to express my deepest appreciation to my supervisor Prof. Steve C. F. 
Au-Yeung, for his guidance and encouragement. 
A special note of thank to Prof. S. L. Lam for his valuable advice in my 
research. I like to express my gratitude to my friends and my family, especially to my 
mother, for their encouragement in the duration of M.Phil study and their love. 
V 
TABLE OF CONTENTS 
PAGE 
ABSTRACT (ENGLISH) i i i 
ABSTRACT (CHINESE) iv 
ACKNOWLEDGEMENTS 、 
TABLE OF CONTENTS vi 
LIST OF TABLES vii i 
LIST OF FIGURES ix 
LIST OF APPENDIX x 
CHAPTER 1 INTRODUCTION 1 
CHAPTER 2 BACKGROUND 3 
2.1 Structure of DNA 3 
1 2 Sequence dependent stability 8 
2.3 Thermodynamics of DNA 9 
2.4 Model for predicting thermodynamic parameters of 
DNA sequence 
2.4.1 The nearest-neighbor (NN) model 
2.4.1.1 Background 15 
2.4.11 Method for predicting thermodynamic 
parameters 16 
2.4.1.3 Limitation of the NN model 19 
CHAPTER 3 EXPERIMENTAL METHOD 20 
3.1 Design of DNA sequences 20 
vi 
PAGE 
3.2 DNA synthesis and purification 22 
3.3 UV measurement 23 
CHAPTER 4 THE NEXT NEAREST-NEIGHBOR (NNN) MODEL 21 
4.1 Method for extracting the NNN thermodynamic parameters 30 
4.2 Discussions 34 
4.2.1 Comparison of the NN model and the NNN model 34 
4.2.2 The NNN effect 38 
4.2.3 Sequence-specific local structure of DNA and 
the NNN effect 
CHAPTER 5 SUMMARY AND FUTURE WORK 49 
APPENDIX I— X V I 51 
REFERENCE 
vii 
LIST OF TABLES 
PAGE 
Table 2.1 Globed thermodynamic parameters proposed by the 
"unified" NN model 口 
Table 3.1 Summary of experimental AT and CG sequences 21 
Table 4.1 The 135 NNN (tetramer units) in DNA 29 
Table 4.2 The thermodynamic parameters of tetrameric units 34 
Table 4.3 Summary of average percentage error between the NN model 
and the NNN model 37 
Table 4.4 Summary of the NNN effect on the enthalpy change, AH° 39 
Table 4.5 Summary of the NNN effect on the entropy change, AS° 41 
Table 4.6 Summary of the NNN effect on the Gibbs free energy 
change, AG。at 31 OK 43 
Table 4.7 Summary of the relative local stabilities of tetrameric units and 
the sequence-specific local structural function Els 46 
viii 
LIST OF FIGURES 
PAGE 
Figure 2.1 The double helical DNA 4 
Figure 2.2 Basic repeating unit of DNA 5 
Figure 2.3 Watson-Crick base pairs 6 
Figure 2.4 Stacking interactions between 2 base pairs 1 
Figure 2.5 Description and definition of DNA parameters 8 
Figure 2.6 Helix-to-coil transition of DNA 9 
Figure 2.7 Typical melting curve of DNA 10 
Figure 2.8 Example of NN unit in AT in d(CGAATTCG) 15 
Figure 3.1 A typical melting curve for a DNA sequence 24 
Figure 3.2 A plot of d(l/absorbance) vs. temperature 25 
Figure 3.3 Experimental determined melting temperature plotted 
against different concentration of DNA 26 
Figure 4.1 Example of a NNN unit AATT in d(CGAATTCG) 28 
Figure 4.2 Extraction of AH° for AT tetramer units by solving the set of 
simultaneous equations in the matrices 48 
Figure 4.3 Four helical parameters describing the sequence-specific 
local structural function Zls 45 
Figure 4.4 A plot of sequence-specific local structural function Els 
against AG°io。c predicted from the N N model 47 
Figure 4.5 A plot of sequence-specific local structural function Els 
against AG。io。c predicted from the NNN model 48 
ix 
LIST OF APPENDIX 
PAGE 
Appendix I Summary of UV experimental results for AT sequences 51 
Appendix I I Summary of UV experimental results for CG sequences 52 
Appendix I I I Summary of thermodynamic parameters for AT sequences 53 
Appendix IV Summary of thermodynamic parameters for CG sequences 54 
Appendix V Summary of revised thermodynamic parameters for AT 
sequences 55 
Appendix V I Summary of revised thermodynamic parameters for CG 
sequences 56 
Appendix V I I Summary of the frequencies of the tetramer units in 
experimental AT sequences 57 
Appendix V I I I Summary of the frequencies of the tetramer units in 
experimental CG sequences 58 
Appendix IX Summary of the enthalpy change (AH。）for AT sequences 59 
Appendix X Summary of the entropy change (AS°) for AT sequences 60 
Appendix X I Summary of the Gibbs free energy change (AG。）at 31 OK 
for AT sequences 61 
Appendix X I I Summary of the melting temperature (Tm) at O.lmM 
for AT sequences 62 
Appendix XHI Summary of the enthalpy change (AH。) for CG sequences 63 
Appendix XIV Summary of the entropy change (AS。) for CG sequences 64 
X 
PAGE 
Appendix XV Summary of the Gibbs free energy change (AG。）at 31 OK 
for CG sequences 65 
Appendix X V I Summary of the melting temperature (Tm) at O.lmM 




Insights into the stability of deoxyribonucleic acid (DNA) are often obtained 
through thermodynamic studies. The results from these studies provide fundamental 
information to define the nature of inter- and intra-molecular forces that stabilize single 
and double strand DNA. Since the stability of DNA is sequence dependent, through 
thermodynamic studies, DNA is expected to be dependent upon its base composition 
and length. Accurate prediction of thermodynamic parameters is important, not only in 
predicting the stabilities of DNA sequence, but also in understanding the details of DNA 
replication, mutation, repair and transcription. This information has practical 
significance in a number of biotechnology techniques such as polymerase chain reaction 
(PGR), 5 sequencing by hybridization (SBH) ^ and antigene targeting J 
Over the last two decades years, most studies have been focused on evaluating 
sequence-dependent thermodynamic stability of DNA in terms of nearest-neighbor base 
stacking interactions.^' The nearest-neighbor (NN) model^'⑴]^ assumes that the 
stability of a given base pair is thennodynamically dependent on its adjacent base pair. 
This thesis addresses a very important question, i.e. how well is the N N model in 
predicting the stability of DNA sequences? 
1 
According to the NMR structure studies of DNA, the overall stability of 
DNA duplex is not only affected by the adjacent base pair interaction, but also affected 
by the next two base pairs, which shed light on the concept of next nearest-neighbor 
(NNN) effect. In short, how significant is the NNN effect in adjusting the 
thermodynamics of predicting DNA stability? This thesis tries to establish the basis of a 
new model, the next nearest-neighbor (NNN) model, to predict the thermodynamic 




2.1 Structure of DNA 
Before discussing the thermodynamics of DNA, some basic concepts of DNA 
structure are reviewed. DNA is a double stranded molecule twisted into a helix (Figure 
2.1). It is a biopolymer containing nucleotide as it monomelic unit, they are adenine 
(A), thymine (T), cytosine (C) and guanine (G) (Figure 2.2). Each strand is connected 
to a complementary strand by hydrogen bondings between base pairs to form an anti-
parallel double-stranded molecule. The double stranded helical structure is further 
stabilized by vertical stacking interaction between the aromatic bases. 
The stability of the double helical DNA structure depends on several types of 
interaction; they are the hydrogen bonding between bases, the stacking interaction 
between base pairs, the electrostatic repulsion between negatively charged phosphates, 
and the interactions between solvent. 
3 
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Figure 2.2 Basic repeating unit of DNA 
In a DNA double helix, hydrogen bonds are formed between complementary 
bases. The Watson-Crick base pairing patterns are A paired with T，to form two 
hydrogen bonds, and C paired with G to form three hydrogen bonds (Figure 2.3). 
Adenines and guanines are purine bases whereas thymines and cytosines are pyrimidine 
bases. 
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Figure 2.3 Watson-Crick base pairs 
Another important interaction between the aromatic bases of DNA is base-
stacking (Fig. 2.4). The energy of stacking interactions has been determined for non-
base-paired and base-paired dinucleotides.^'^ For the unpaired bases, a purine-purine 
stacking is more stable than pyrimidine-purine, which is more stable than pyrimidine-
pyrimidine.i-2 For base-paired dinucleotides, the trend is less well defined. The 
stacking interaction is stronger for sequences rich in CG base pairs and weaker for AT 
6 
base pairs.3 The strength of base-stacking correlates very well with the melting of 
DNA duplex. 
Figure 2.4 Stacking interactions between 2 base pairs 
The negatively charged phosphates on the backbone of DNA strand keeping 
the backbones of DNA strands well separated. In single stranded DNA, where the 
distances between negatively charged phosphates of the backbone are maximized, is 
favored in low salt solution. Duplexes are favored at high salt concentration, where the 
charges of phosphates are well screened.^ ，^ 
7 
2.2 Sequence dependent stability 
In a DNA duplex, the two bases in a base pair are not exactly coplanar.^'^ The 
structure of double-stranded nucleic acids is correlated with different helical 
parameters.io The propeller twist describes the relative conformation of the bases in a 
base pair whereas the twist, the roll, the tilt, the rise and the slide define the relative 
conformation of the base pairs in a base-pair-step (two base pairs next to each other) 
(Figure 2.5). According to x-ray diffraction analysis of DNA, for the B-type DNA 
11 12 
double helix, sequence-dependent structural modulation has been observed.‘ 
Slide Propeller 
Rise 
公 ％ 办 
Tilt Roll Twist 
Figure 2.5 Description and definition of DNA helical parameters 
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2.3 Thermodynamics of DNA 
Thermodynamic studies of DNA reflects a fundamental interest in defining 
the nature of inter- and intra-molecular forces that stabilize single- and double-strand 
DNA. Since the stability of DNA is sequence dependent, the relationship between the 
base composition and its stability can be investigated through thermodynamics studies. 
At low temperature, the two complementary single strands DNA are base-
paired and base-stacked to form the double helical structure. As the temperature is 
increased，the two DNA chains begin to separate and finally the DNA is completely 
separated into two single strands (random coils) (Figure 2.6). This process is called 
denaturation of DNA. Once the double helix is denatured, the single-stranded DNA 
chain can be renaturated, reforming the complementary base pairings. This process wi l l 
occur when the solution of single stranded DNA is allowed to cool slowly. 
dena tu ra t ion、 M 
^ ^ ^ ^ 、renatiiration ^ 
Figure 2.6 Helix-to-coil transition of DNA 
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Different spectroscopic methods, such as differential scanning calorimetry 
(DSC) and UV spectroscopy^have been used for determining the helix-to-coil 
transition of most common method is to monitor this transition by acquiring the change 
in the UV absorbance at or near 260nm. 
Each bases in DNA sequence has an extensive n electron system and intense 
7i-> 71* transition which can be observed in the electronic absorption spectrum, i.e. UY 
spectmm.16-17 when DNA becomes unstacked and loses the interaction between the 
bases, the absorbance at 260nm increases. This phenomenon is known as the 
hyperchromic effect. By monitoring the UV absorbance against the temperature, a 
sigmoid curve (melting profile) is obtained (Figure 2.7). 
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Figure 2.7 Typical melting curve of DNA 
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In order to extract the thermodynamic parameters from the melting profile, the 
melting process is assumed to be a two-state process with one transition only, i.e. 
duplex state ^ single-stranded s t a t e . T h e melting temperature (Tm) is defined as the 
temperature at which half of the DNA strands are in double helical form and half of 
them are in single strands. 
There are mainly four thermodynamic parameters describing the thermal 
properties of DNA. They are enthalpy change (AH。)，entropy change (AS。)，Gibbs free 
energy change (AG。)，and the melting temperature (Tm). 
AH° describes the interaction that stabilizes the double helical DNA, which 
includes the hydrogen bonding between bases and the stacking interaction between the 
base pairs. In this thesis, AH。is the van't Hof f transition enthalpy that can be analyzed 
from the melting curve of DNA by using the van't Hoff equation shown below: 
偏 [2.1] 
where R is the gas constant, K is the equilibrium constant and T is the temperature in 
Kelvin (K). 
There are two forms of AS。in a macromolecular system: conformational 
entropy and solvent entropy. The conformational entropy change represents the degree 
11 
of conformational freedom in DNA duplex. The solvent entropy describes the 
hydrophobic effect between water and DNA molecules. However, it is not clear 
whether this effect is a stabilizing or destabilizing effect on a DNA duplex. Although 
the hydrogen-bonding interactions may be considered stabilizing, water molecules in a 
well-defined network are no longer freely exchanging with bulk of the solvent. 
Therefore, the entropy of the system decreases. 
AH。and AS° can be calculated from the melting curve?^ Consider the helix 
(An) to coil (nA) equilibrium process, 
nA ^ An 
The equilibrium constant, K is equal to: 
⑷ = c c � C丁 I n) = CL 「2 21 
where n is the molecularity of the reaction, i.e. the number of single strands that 
associate to form the duplex helix, a is the fraction of single strands in the duplex state, 
Ct is the total concentration of single strand DNA. 
Assumed the equilibrium process at melting temperature, a = 1/2, 
K t = 二 i [ 2 . 3 ] 
12 
Since, 
AG�=-RT In K [2.4] 
AG。二 A / / 。 - r M 。 [2.5] 
By combining equation [2.3], [2.4] and [2.5]，yield: 
For the DNA duplex formed between two single strands of self-complementary DNA 
sequence, then n = 2, and therefore, equation [2.6] becomes: 
— = In C j + A. I -
From equation [2.7], when the reciprocal of the melting temperature (1/Tm) is 
plotted against the natural logarithm of the single strand DNA concentration (In C T) , a 
straight line is obtained. From the slope and the intercept, AH。and AS° can be 
calculated. 
AG。，which is the overall energy of the DNA sequence, is determined from the 
experimental values of AH。and AS° at any temperature using equation [2.5]. Since 
13 
AG° reflects the overall stability of DNA sequences, the stability of DNA can be 
assessed through these thermodynamic parameters. 
For self-complementary sequences, Tm can be calculated by rearrange the 
equation [2.7:. 
T = • [2.8] 
" A 6 ^ 。 + iMnCV 
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2.4.1 The nearest-neighbor (NN) model 
2.3.1.1 Background 
The N N model, which describes two base pairs adjacent to each other (Figure 
2.8), can be used to evaluate the thermodynamic studies of DNA. 
Base-pair-step 
Figure 2.8 Example of a N N unit AT in d(CGAATTCG). 
15 
The stability and the interaction in DNA structure can be assessed by thermal 
studies. Since in early 80s', the NN model was generally accepted to predict the 
stability of different DNA sequences In 1986, the first set of the N N 
thermodynamic parameters for DNA was evaluated from the melting curves of short 
DNA sequences.21-22 Later，different sets of N N parameters were published.�。-�！ In 
different data analysis methods, different salt concentration, and different formats are 
used for presenting the thermodynamic parameters of the N N model. As a result, it is 
very difficult to compare the published results together. In 1998, some of the N N model 
parameter sets were reanalyzed together and a new set of "unified" N N parameters were 
reported. 
2.3.1.2 Method for predicting thermodynamic parameters 
The N N model for DNA sequences assumes that the stability of a given base 
pair depends on the identity and orientation of the neighborhood.^^ For DNA duplexes, 
there are ten different NN parameters. They are: AA/TT, AT/TA, TA/AT, CG/GC, 
CT/GA, GA/CT，GC/CG，GG/CC，GT/CA and TG/AC. These 10 N N dimer duplexes 
are presented with a slash separating strands in anti-parallel orientation (e.g. AT/TA 
means 5，-AT-3，Watson-Crick base-paired with 3'-TA-5'). Each base pair doublet has 
its corresponding thermodynamics values (Table 2.1), and these values can be used to 
predict the stability of DNA sequences regardless of its composition. 
16 
Table 2.1 
Globed thermodynamic parameters proposed by the "unified" N N model ^ ^ 
一 NN units AH�(kcal/mol) AS"(caymolK) AG�3iQK(kcal/mol) 
AA/TT -7.9 -22.2 -1.0 
AT/TA -7.2 -20.4 -0.9 
TA/AT -7.2 -21.3 -0.6 
CA/GT -8.5 -22.7 -1.5 
GT/CA -8.4 -22.4 -1.4 
CT/GA -7.8 -21.0 -1.3 
GA/CT -8.2 -22.2 -1.3 
CG/GC -10.6 -27.2 -2.2 
GC/CG -9.8 -24.4 -2.2 
GG/CC -8.0 -19.9 -1.8 
Init. w./term AT 2.3 4.1 1.0 
Init. w./term CG 0.1 -2.8 1.0 
Symmetry correction 0.0 -1.4 ^ 
According to the above table, three additional parameters were included。The 
initiation parameter, initiation with terminal AT (Init. w. /term AT) and CG (Init. w. 
/term CG), including the differences between terminal and internal N N units^^ and 
counterion condensation.^^"^^ The main difference between these two initiation 
parameters is the difference between duplex with terminal A.T and terminal C G 
pairs.3i，32 Besides, an additional entropic penalty^^ for maintaining the C2 symmetry of 
.self-complementary duplexes, the symmetry correction, is also included. Therefore, the 
total free energy of a DNA sequence can be determined by using the N N model and the 
following equation: 
17 
AG。(total) = E〜AG。+ AG。(init w/term C.G) 
+ AG。(init w/term A.T) + AG。(sym) [2.3] 
where AG。is the standard free-energy changes for the 10 possible Watson-Crick NN 
dimers, ny is the number of times the particular NN doublet ij (ij = A，T，C，G) appears in 
the duplex, and AG° (sym) is the symmetry factor for the self-complementary sequence. 
Equation [2.3] can be used to calculate the overall stability, AG。，of any given 
DNA sequences. For example, by using the values in Table 2.1，AG°31OK of the duplex 
d(ATTAAT) can be express as follows: 
AG。3iok (pred) = AG° (AT/TA) + AG° (TT/AA) + AG° (TA/AT) 
+ AG。（AA/TT) + AG。(AT/TA) + AG。(init w/term 
A.T) + AG° (sym) 
=-0.88 + -1.00 + -0.58 + -1.00 + -0.88 + 2 X (1.03) + 0 
=-2.28 kcal/mol 
The values of AH° and AS° can be also predicted by the N N parameters. 
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2.3.1.3 Limitation of the NN model 
The NN model is the simplest model available for predicting the stability of 
the DNA sequences.29，34-35 since the prediction of DNA sequence is limited due to the 
small number of N N units (number of units = 10). Same combinations of N N units in 
the different sequence of DNA wi l l have the same values of AG。. 34 For example, 
consider the DNA oligomers carried out in this study, the sequences AAAATATTTT 
(AT-02)，AAATTAATTT (AT-04), AATTTAAATT (AT-12) and ATTTTAAAAT 
(AT-17), the predicted thermodynamic values (AH。，AS。，AG。and Tm) by the NN 
model w i l l be the same. However, the experimental results of these four sequences 





3.1 Design of DNA sequences 
Al l experimental sequences chosen are homonucleic acids, i.e. pure AT and 
pure CG sequences. To ensure the symmetric factors for all experimental sequences are 
equal, all sequences are self-complementary. In order that sequence length does not 
complicate data interpretation and to ensure that the same number of the model units are 
obtained in each sequence, the length of the DNA is set at ten nucleotides. 
There are 64 pure AT and CG self-complementary DNA sequences with 10 
base pairs. Four sequences were excluded, they are 5 ‘ - AT AT AT AT AT-3 ‘, 5'-
TATATATATA-3,，5'-CGCGCGCGCG-3' and 5，-GCGCGCGCGC-3，，and 
explanation wi l l be given in Chapter 4.1. A l l sequences for the experiment were coded 
in Table 3.1. Since all of them are self-complementary, only one strand was shown. 
For example, for the sequence AAAAATTTTT, it means 5'-AAAAATTTTT-3' . 
20 
Table 3.1 
Summary of experimental AT and CG sequences 
Seq. no. Sequence Seq. no. Sequence 
AT-01 AAAAATTTTT CG-01 CCCCCGGGGG 
AT-02 AAAATATTTT CG-02 GGGGGCCCCC 
AT-03 TAAAATTTTA CG-03 CCCCGCGGGG 
AT-04 AAATTAATTT CG-04 GGGGCGCCCC 
AT-05 AAATATATTT CG-05 CCCGGCCGGG 
AT-06 AATATATATT CG-06 CCCGCGCGGG 
AT-07 ATAAATTTAT CG-07 GGGCCGGCCC 
AT-08 TTAAATTTAA CG-08 GGGCGCGCCC 
AT-09 ATTAATTAAT CG-09 CCGGGCCCGG 
AT-10 TATAATTATA CG-10 CCGCCGGCGG 
AT-11 ATAATATTAT CG-11 CCGGCGCCGG 
AT-12 AATTTAAATT CG-12 CCGCGCGCGG 
AT-13 TTATATATAA CG-13 GGCCCGGGCC 
AT-14 TTAATATTAA CG-14 GGCGGCCGCC 
AT-15 TTTTATAAAA CG-15 GGCCGCGGCC 
AT-16 TTTATATAAA CG-16 GGCGCGCGCC 
AT-17 ATTTTAAAAT CG-17 CGCCCGGGCG 
AT-18 TAATTAATTA CG-18 CGGCCGGCCG 
AT-19 TATTTAAATA CG-19 CGGGCGCCCG 
AT-20 AATTATAATT CG-20 CGGGGCCCCG 
AT-21 ATATTAATAT CG-21 CGCGGCCGCG 
AT-22 TAATATATTA CG-22 CGGCGCGCCG 
AT-23 TATTATAATA CG-23 GCGGGCCCGC 
AT-24 AATAATTATT CG-24 GCCGGCCGGC 
AT-25 ATTTATAAAT CG-25 GCCCGCGGGC 
AT-26 ATTATATAAT CG-26 GCCCCGGGGC 
AT-27 TAAATATTTA CG-27 GCGCCGGCGC 
AT-28 TTTAATTAAA CG-28 GCCGCGCGGC 
AT-29 TTTTTAAAAA CG-29 CGCCGCGGCG 
AT-30 TTATTAATAA CG-30 GCGGCGCCGC 
21 
3.2 DNA synthesis and purification 
Oligonucleotides were synthesized on an Applied Biosystems 392 DNA/RNA 
synthesizer using phosphoramidite method on a solid support.^' ^ Strands were cleaved 
from the support by concentrated ammonium hydroxide. The protecting groups on the 
exocyclic amines of the bases were removed by treating the crude DNA solution in 
ammonium hydroxide at 55。C for over 8 hours. The DNA samples were dried in a 
centrivap concentrator before purification. 
Polyacrylamide gel electrophoresis (PAGE) was used to purify the DNA 
sampled This was achieved by first re-dissolving the DNA sample in a loading buffer 
(0.25% bromophenal blue and 40%(w/v) sucrose in H2O) and on 30% polyacrylamide 
gel。After electrophoresis, the gel was transferred from the fluorescent Thin Layer 
Chromatography (TLC) plate and the gel was shadowed with UV lamp at short 
wavelength at 254nm. The bands appeared dark against the fluorescent green 
background and the major band was cut out. The DNA sample was electro eluted out of 
the gel in TBE (Tris base, boric acid and EDTA) buffer by S&S BIOTRAP electro-
separation system. 
The DNA sample was further purified by ion-exchange chromatography with 
Bio-Rad Model EM-1 Econo UV monitor and the anion exchanger used was DEAE-
Sephacel (Diethylaminoethyl Sephacel). To remove the impurities, e.g. acrylamide, low 
sodium salt was first allowed to rise through the column. The sample was then eluted 
22 
using high sodium salt buffer. By monitoring the UV signal at 254 nm, the pure DNA 
sample fraction was collected. 
The DNA sample was concentrated and desalted by centricon with deionized 
water. The centricon used contain a membrane that have a molecular weight cutoff at 
3000，which means all the molecule with molecular weight below 3000 wi l l go through 
the membrane into the filtrate vial using centrifuge method (Figure 3.8). The molecular 
weight of experimental sequences is 3025.1 for AT sequences and 3030 for CG 
sequences. The DNA retained was collected above the membrane inside the sample 
reservoir. The DNA sample was eluted with deionized water several times for desalting 
followed by drying in the centrivap concentrator for melting studies. 
3.3 UV measurement 
Absorbance versus temperature profiles was measured at 260 nm or 280 nm 
with a heating rate of 0.8 °C/min using a Hewlett-Packard 8453 spectrophotometer. 
Cuvettes with path lengths of 0.2 cm and 1.0 cm were used. Sample temperature was 
monitored through the sample holder temperature with an HP 89090A Peltier 
temperature controller. An external probe was inserted directly in the sample to 
measure the temperature during the experiment. 
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For thermodynamic studies, the samples were dissolved in 1.0 M NaCl, 1 OmM 
sodium cacodylate，and 0.5 m M NasEDTA buffer at pH 7.0. The buffer condition is the 
same as the N N modd.4 Each DNA sequence was melted over a 100-fold range in DNA 
concentration, and at least 8 different concentrations of each DNA sequence were 
measured. 
The sample was first heated to 90 for 15 minutes to ensure that the entire 
DNA is in single strand. The concentration of each sample ( C T ) was determined by 
measuring the absorbance at 260 run at high temperature, using extinction coefficient 
determined by the nearest-neighbor approximation.^ The sample was then cooled to 10 
°C at a constant cooling rate of 0.8 °C/min while the absorbance at 260 run or 280 nm 
was measured at every 0.8。C intervals. This procedure allowed the determination a 
melting curve as shown in Figure 3.1. 
Abs(260nm) 
0.550 n 
0.530 - z 
0.510 - , 
0.490 - / 
0.470 — / 
0.450 - / 
0.430 -
0.410 -
0.390 -‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 
270 280 290 300 310 320 330 340 350 
Temperature (K) 
Figure 3.1 A typical melting curve for a DNA sequence 
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For each melting curve, the melting temperature (Tm) was obtained by 
differentiating the melting curve where the 1st derivative of the absorbance is plotted 
against temperature (Figure 3.2). 
d (1/Abs) 
6.50E-03 -1 
5.50E-03 - / \ 
4.50E-03 - / \ 
3.50E-03 - / \ 
2.50E-03 - / \ 
L50E-03 - ^ ^ Nw 
5.00E-04 J ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 
280 290 300 310 320 330 Temperature (K) 
Figure 3.2 A plot of d(l/absorbance) vs. temperature 
For each sequence, the concentration-dependent melting temperature data can 
be interpreted by using equation [2.7]: 
—二 lnCV+ [2.7] 
7； • T • 
where Ct is the total concentration of single strand DNA for each melting curve and R 
is the gas constant (1.987 cal/mol.K). 
25 
By plotting l/Tm against In Ct for each sequence, a straight line is obtained 
(Figure 3.3). From equation [3.1], the slope is equal to R/AH。and the intercept is equal 
to AH7AS°. Therefore, AH° and AS° of each sequence can be calculated from each 
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Figure 3.3 Experimental determined melting temperature plotted against 
different concentration of a DNA 
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CHAPTER FOUR 
THE NEXT NEAREST-NEIGHBOR (NNN) MODEL 
From NMR studies of DNA structures it has been shown that the stability 
of the base pairs is not only affected by the base pair adjacent to it but also the base pair 
next to them. Therefore, the next nearest-neighbor (NNN) effect is important in the 
studies of a base-pair-step. In short, both X-ray crystallographic studies and solution 
DNA structure studies advocate that the NNN effect must be taken into 
consideration in predicting the stability of a DNA sequence. To illustrate the NNN 
effect, a new model, the NNN model, is introduced. This model is considering four 
base pairs adjacent to each other in a DNA sequence in order to investigate the 
significance of the NNN effect (Figure 4.1). For self-complementary DNA duplex, 
there are a total of 135 NNN (tetramer) units, which is tabulated in Table 4.1. As a 
starting trial to test applicability of the NNN model to predict the stability of DNA 




The next nearest- ^ ^ 
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Figure 4.1 Example of a N N N unit AATT in d(CGAATTCG) 
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Table 4.1 
The 135 NNN (tetramer units) in DNA* 
N N N (tetramer) units 
AAAA/TTTT ATCC/TAGG AGTA/TCAT CATA/GTAT TAAC/ATTG 
AAAT/TTTA ATCG/TAGC AGTC/TCAG CATC/GTAG GAGC/CTCG 
AATT/TTAA ATCT/TAGA AGTG/TCAC CATG/GTAC GATC/CTAG 
ATTA/TAAT ATGA/TACT AGGA/TCCG CGTA/GCAT GTAC/CATG 
TTAA/AATT ATGC/TACG AGGC/TCCG CTAC/GATG GTGC/CACG 
ATAT/TATA ATGG/TACC AGGG/TCCC CTAG/GATC TATC/ATAG 
TATA/ATAT ATGT/TACA CCCC/GGGG CTCA/GAGT TACA/ATGT 
AATA/TTAT ACAA/TGTT CCCG/GGGC CACA/GTGT TACC/ATGG 
TAAA/ATTT ACAC/TGTG CCGG/GGCC CACC/GTGG TAGA/ATCT 
ATAA/TATT ACAG/TGTC CGGC/GCCG CACG/GTGC TAGC/ATCG 
AAAC/TTTG ACCA/TGGT GGCC/CCGG CAGA/GTCT TTAC/AATG 
AAAG/TTTC ACCT/TGGA CGCG/GCGC CAGC/GTCG TTCA/AAGT 
AATC/TTAG ACCC/TGGG GCGC/CGCG CTAA/GATT TTCC/AAGG 
AATG/TTAC ACCG/TGGC CCGC/GGCG CTCC/GAGG TTGA/AACT 
AACA/TTGT ACTA/TGAT GCCC/CGGG CTCG/GAGC TTGC/AACG 
AACC/TTGG ACTG/TGAC CGCC/GCGG CTGA/GACT TTTC/AAAG 
AACG/TTGC ACGA/TGCT CCCA/GGGT CTGC/GACG TCAC/AGTG 
AACT/TTGA ACGT/TGCA CCAA/GGTT CTTA/GAAT TCCA/AGGT 
AAGA/TTCT ACGC/TGCG CCAC/GGAG CTTC/GAAG TGAC/ACTG 
AAGC/TTCG ACGG/TGCC CCAG/GGTC CGAA/GCTT TCCC/AGGG 
AAGG/TTCC AGAA/TCTT CCTA/GGAT CGAC/GCTG TCGA/AGCT 
AAGT/TTCA AGAC/TCTG CCTC/GGAG CGCA/GCGT TCGC/AGCG 
ATAC/TATG AGAG/TCTC CCTG/GGAC CGGA/GCCT TCTC/AGAG 
ATAG/TATC AGCA/TCGT CCGA/GGCT CGTC/GCAG TGCA/ACGT 
ATTC/TAAG AGCT/TCGA CAAA/GTTT GGAC/CCTG TGCC/ACGG 
ATTG/TAAC AGCC/TCGG CAAC/GTTG GGTC/CCAG TGGC/ACCG 
A T C A / T A G T A G C G / T C G C CAAG/GTTC G A A C / C T T G T G T C / A C A G 
* Note that all the tetramer units are presented with a slash separating strands in anti-
parallel orientation (e.g. AAGG/TTCC means 5'-AAGG-3' Watson-Crick base-
paired with3'-TTCC-5'). 
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4.1 Method for extracting the NNN thermodynamics parameters 
In the NNN model, the counting method used to predict the stability of DNA is 
similar to the NN model^ For the total Gibbs free energy change, 
AG。（total) = Trnijmn AG。+ AG。(init w/term OG) + AG。（init w/term 
A.T) +AG°(sym) [4.1] 
where AG。is the free-energy change for the tetramer unit, riijmn is the number of times a 
particular tetramer unit (ijmn = A,T，C,G) appears in the duplex, and AG。(sym) is the 
symmetry factor for self-complementary sequence. AG。(init w/term C.G) and AG。(init 
w/term A T ) are the initiation with terminal CG and AT. Again, the initiation factors, 
AG。(init w/term C.G) and AG。(init w/term A.T)，and the symmetry factor must be 
considered. For instance, the total Gibbs free energy change of the sequence ATTAAT 
is as follows: 
AG° = AG° (ATTA/TAAT) + AG° (TTAA/AATT) 
+ AG。（TAAT/ATTA) + AG。（init w/term A.T) + AG° (sym) 
Following the procedures described in chapter 3.3，the experimental AH。，AS° 
and AG° for all the sequences were determined. Results of UV melting studies for all 
60 sequences are summarized in Appendix I and 11. Each DNA sequence was melted 
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over a 100-fold range in DNA concentration, and at least eight samples with different 
concentrations of each DNA sequence were measured in UV melting studies. The 
reciprocal of the melting temperature (1/TM) is plotted against the natural logarithm of 
the single strand DNA concentration (In C T) . A straight line was obtained with the 
square of the correlation coefficient (r^) greater than 0.99. 
AH° and AS。was calculated from the slope and the intercept of the fitted line 
of each graph, respectively. AG。was determined from equation [2.5] at a temperature 
of 310 K and Tm was calculated from equation [2.8] with 0.1 m M total DNA 
concentration. A l l the results are shown in Appendix I I I and IV. A set of revised 
AH°rev, A S � r e v and A G � r e v Were generated after eliminating the contributions from duplex 
initiation and symmetry. As the conditions in the experiments were identical to the 
conditions in generating the “unified’，parameter set,^  the values of the initiation factor 
and the symmetry factor are assumed to be the same as the values determined from the 
"unified" NN values. That is, 
A H � r e v = AH� e x p t _ AH。(init w/term A.T) _ AH。(init w/term C.G) 
-AH。(sym) [4.2] 
where AH°expt is the experimental enthalpy change and AH°rev is the revised enthalpy 
change after subtraction of contribution from the initiation factor and the symmetry 
factor. These revised values are tablated in Appendix V and VL 
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From each sequence, the frequencies of occurrences in which the numbers of 
tetramer units were counted in terms of tetramer block. For example, the AH。rev of 
A A A A A T T T T T is calculated as follows. 
AH^ e v = 4 AH。(AAAA/TTTT) + 2 AH。(AAAT/TTTA) 
+ AH° (AATT/TTAA) 
The occurrences of tetramer units for all experimental sequences are 
summarized in Appendix V I I and VI IL Each sequence has at least 3 different tetramer 
units. Sequences ATATATATAT，TATATATATA, CGCGCGCGCG and 
GCGCGCGCGC were excluded from the overall basis set for extracting the tetramer 
units because each of them contains only 2 different tetramer units. Combining these 
values in Appendix I I I and IV，a set of simultaneous equations was formed. These 
equations were then casted in the form of matrices (Figure 4.2). AH。，AS。and AG。3iok 
of all 20 tetramer units were determined by solving the set of simultaneous equations. 
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_ -69.31 1 r ~1 �AH a^aaa -58.38 4 2 1 0 
-58.30 0 AH^aat 
• 會 AH°ATTA 
-59.48 1_0 J 
[_ AH°ataa _ 
AH° measured Occurrences of AH° of 
from tetramer units tetramer 
experiment for all unit 
experimental 
sequence 
Figure 4.2 Extraction of AH° for AT tetramer units by solving the set of . 
simultaneous equations in the matrices 
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4.2 Discussions 
4.2.1 Comparison of the NN model and the NNN model 
In order to investigate the NNN effect on the stability of the DNA duplex, the 
thermodynamic parameters obtained from the NNN model (Table 4.2) and the NN 
model were compared. 
Table 4.2 
The thermodynamic parameters of tetramer units 
Tetramer unit AH。(kcal/mol) AS。(cal/molK) AG。3ioK(kcal/mol) 
A A A A / T T T T -10 .1 - 2 9 . 0 -1 .1 
A A A T / T T T A -9 .4 - 2 5 . 9 -1 .3 
T A A A / A T T T -5 .5 - 1 4 . 8 -0 .9 
T A A T / A T T A -5 .5 -13 .9 -1 .2 
A A T A / T T A T -7 .2 -20 .3 -0 .9 
A A T T / T T A A -10 .2 - 2 9 . 4 -1 .1 
TATA/AT AT -4.5 -12.1 -0.8 
A T A A / T A T T -12 .9 - 3 8 . 8 -0 .8 
AT AT/TATA -11.8 -35.1 -0.9 
T T A A / A A T T -13 .8 - 4 3 . 0 -0 .4 
C C C C / G G G G -8 .4 - 2 1 . 2 -1 .9 
C C C G / G G G C -12 .9 - 3 3 . 7 -2 .4 
G C C C / C G G G -11 .4 - 2 8 . 9 -2 .5 
GCCG/CGGC -12.6 -32.0 -2.7 
C C G C / G G C G -11 .0 - 2 7 . 7 -2 .4 
C C G G / G G C C -7 .4 - 1 7 . 7 -1 .9 
G C G C / C G C G -16 .0 - 4 1 . 7 -3 .1 
C G C C / G C G G -11 .1 - 2 8 . 2 -2.4 
C G C G / G C G C -9 .6 - 2 3 . 7 -2 .3 
G G C C / C C G G 2111 -2 .7 
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AH。，AS。and AG° describe the thermodynamic parameters of the single 
strand state to duplex state transition. The negative value in AG° indicates that the coil-
to-duplex transition is feasible. In this thesis, AG° is attempt at 31 OK. The more 
negative of AG value indicates that the duplex conformations more stable. The stability 
of C G tetramer units is more stable than A T tetramer units because AG°3IOK of C G 
tetramer units is more negative. From the AG°3iok values of the NNN units determined 
from the experiments, the relative trend for the overall stabilities of all tetramer units are 
GCGC/CGCG > GCCG/CGGC «GGCC/CCGG > G C C C / C G G G > CCCG/GGGC ^ 
CCGC/GGCG ^CGCC/GCGG > CGCG/GCGC > CCCC/GGGG -CCGG/GGCC > 
AAAT/TTTA > TAAT/ATTA > AAAA/TTTT ^AATT/TTAA > AT AT/TATA ^ 
AATA/TTAT ^TAAA/ATTT > TAT A/AT AT ^ATAA/TATT > TTAA/AATT. 
Among the interactions that stabilize the of DNA duplex, base-pairing and 
base-stacking interactions are the two important interactions within the double helix 
which reflected in the AH°. Negative value in AH。indicates that the interaction favor 
the duplex conformation. The more negative values in AH。is means the stabilizing 
force between bases in duplex DNA is stronger. In Table 4.2, GCGC/CGCG has the 
largest stabilizing force among all tetramer units. The negative value of AH° for 
TAT A/AT AT is the smallest which indicate the stabilizing force is weakest among all 
other tetramer units. 
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In Table 4.2，all values of AS° are negative. This indicates the loss in the 
conformation of entropy when DNA duplex is formed. A more negative value in AS° 
indicated the loss in the conformational entropy is greatly. From equation [2.5]，the 
term (-TAS。）makes a positive contribution to the AG。，the more negative the value of 
AS。will make the DNA duplex unstable. From the result above, the loss in the 
conformational freedom in TTAA/AATT is the largest，which means the overall AG。 
wi l l be less negative. 
The AG°3iok values of TATA/AT AT and ATAA/TATT in Table 4.2 are the 
same, indicating the stabilities of these two tetramer units are equal However, they 
have different values of AH。and AS。. ATAA/TATT has a more negative AH° than 
TAT A/AT AT implying it has a stronger stabilizing interaction. However the loss of 
conformational entropy in ATAA/TATT is relatively large, that makes the overall 
stability is equal to TAT A/AT AT. AAAA/TTTT and AATT/TTAA have similar AH° 
and AS°. Their overall stabilities are the same because they have the same AG�3IOK 
value. On the other hand, the AIT values o fTAAA/ATTT and TAAT/ATTA are 
identical but their losses of conformational entropy are different. Therefore, they have 
different stabilities. 
In Table 4.2, some of the C G tetramer units have the same AG°3IOK values 
indicating their stabilities are same. For CCCG/GGGC, CCGC/GGCG and 
CGCC/GCGG，they have the same AG�3IOK values, but their AH° and AS�values are 
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different. The more negative AH° value in CCCG/GGGC indicates the stabilizing force 
in CCCG/GGGC is stronger than CCGC/GGCG and CGCC/GCGG but loss in its 
conformational entropy is larger. Therefore, its stability is the same as CCGC/GGCG 
and CGCC/GCGG. 
To compare the two models in predicting the thermodynamic stabilities of 
DNA sequences, all relevant thermodynamic values of the 60 sequences are predicted 
with the N N N model and the NN model.^ They are summarized in Appendix IX to 
XVI . The third column in the table is the experimental values. The corresponding 
percentage error is calculated for each sequence by comparing the experimental values 
and the values predicted from the different models. The average percentages errors of 
the thermodynamic parameters are calculated and summarized in Table 4.3. 
Table 4.3 
Summary of average percentage error between the N N model and the NNN model 
Average % error for AT sequences Average % error for CG sequence 
NN-model NNN model NN-model NNN model 
AH。(kcal/mol) 6.1% 4.1% 5.0% 3.6% 
AS°(cal/molK) 6.6% 4.3% 5.5% 3.9% 
AG。3i。K(kcal/mol) 19.7% 5.1% 7.5% 2.4% 
TMO.LMM(K) ^ 0 - 2 % 
Large errors are evident for thermodynamic parameters predicted based on the 
N N model. There is a general improvement of values predicted by the NNN model。 
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This is particularly evident when considering the AG° values. The average differences 
o f AG。3iok are 0.8 kcal/mol for the N N model and 0.2 kcal/mol for the N N N model for 
AT-pure sequences. For CG-pure sequences, the average differences amounts to 1.2 
kcal/mol for the N N model and 0.4 kcal/mol for the NNN model. The 3-fold 
improvement is highly significant. This indicates the N N N effect should be included in 
predicting the thermodynamic stability of DNA. 
4.2.2 The NNN effect 
An attempt was made to quantify the NNN effect, the tetramer units are in 
terms of different XNNX ' group where N N is the base-pair-step in the middle of 
tetramer unit. X is the base pair at the 5'position of the base-pair-step。X，is the base 
pair at 3'-position of the base-pair-step. For example, the tetramer units AAAA, 
AAAT, T A A A and TAAT are belongs to X A A X ' . Assume the thermodynamic values 
of N N in XNNX ' and the N N values in the N N model^ are the same, the N N N effect 
can be determined by subtracting their N N value. For example, the N N N effect on AH° 
of AAAA/TTTT = AH。(AAAA/TTTT) - AH°(AA/TT) where A A A A belongs to 
X A A X ' and X = A，X，= A. The NNN effect of the AH° on different tetramer units are 
shown in Table 4.4. 
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Table 4.4 
Summary of the NNN effect on the enthalpy change, AH° 
XNNX' A l f (kcal/mol) 
Tetramer unit NN X X' N N model NNN model di f f 
AAAA/TTTT A A A A ^ h ~ 
AAAT/TTTA A T -9.4 -1.5 
TAAA/ATTT T A -5.5 2.4 
TAAT/ATTA T T -5.5 2.4 
AATA/TTAT AT A A -7.2 -7.2 0.0 
AATT/TTAA A T -10.2 -3.0 
TATA/ATAT T A -4.5 2.7 
ATAA/TATT TA A A -7.2 -12.9 -5.7 
ATAT/TATA A T -11.8 -4.6 
TTAA/AATT T A -13.8 -6.6 
CCCC/GGGG CC C C -8.0 -8.4 -0.4 
CCCG/GGGC C G -12.9 -4.9 
GCCC/CGGG G C -11.4 -3.4 
GCCG/CGGC G G -12.6 -4.6 
C C G C / G G C G C G C C -10 .6 -11 .0 -0 .4 
CCGG/GGCC C G -7.4 3.2 
GCGC/CGCG G C -16.0 -5.4 
CGCC/GCGG GC C C -9.8 -11.1 -1.3 
CGCG/GCGC C G -9.6 0.2 
GGCC/CCGG G C -14.2 -4.4 
By comparing the differences of AH° between the two models, the relative 
N N N effect can be observed. The negative value in the last column indicates a stronger 
stabilizing force. A positive value in the last column indicates a weaker stabilizing 
force. 
The AH° values of AT and TA for the N N model are identical but in the NNN 
model, different base pairs adjacent to the base-pair-step tend to have different AIT. By 
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comparing the difference of AH。between the two models, the AH° values in ATAA, 
AT AT and TTAA for XT AX，are negative, indicating the next nearest-neighbor 
stabilize the base-pair-step TA in the middle and the stabilizing force is stronger. 
In Table 4.4, the AH。values of XATX, are the same when X 二 A, and X，= A. 
When X = T and X ' = A, the difference of AH° between the two models is positive, 
indicating the next nearest-neighbors destabilize the base-pair-step in the middle of 
XATX，. When X = A and X ' = T, the difference of AH° between the two models is 
negative, indicating the next nearest-neighbor stabilize the base-pair-step in the middle 
and the stabilizing force is stronger. 
For XAAX，，AH。values of TAAA and TAAT in the NNN model are the 
same. By comparing the difference of AH。between the N N model and the NNN model, 
both of them give the same positive values. This indicates that the stabilizing force is 
weakened by the NNN effect. 
The most negative AH。value in the NN model is CG (Table 4.3). When 
considering the stabilizing force of XCGX’，when X = C and X ' = G, the difference 
between the two models is positive indicating that the NNN effect destabilizes the base-
pair-step in the middle. By comparing the difference of AH。between the two models, 
only CCGG and CGCG give the positive values. This indicates that the stabilizing force 
is weakened by the NNN effect. 
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Different composition of base pairs has different values of AS。。The AS° 
values obtained between the two models are summarized in Table 4.5. 
Table 4.5 
Summary of the NNN effect on the entropy change, AS。 
XNNX' AS。(cal/molK) 
Tetramer unit NN X X' NN model NNN model di f f 
AAAA/TTTT AA A A -22.2 -29.0 -6.8 
AAAT/TTTA A T -25.9 -3.7 
TAAA/ATTT T A -14.8 7.4 
TAAT/ATTA T T -13.9 8.3 
AATA/TTAT AT A A -20.4 -20.3 0.1 
AATT/TTAA A T -29.4 -9.0 
TATA/AT AT T A -12.1 8.3 
ATAA/TATT TA A A -21.3 -38.8 -17.5 
ATAT/TATA A T -35.1 -13.8 
TTAA/AATT T A -43.0 -21.7 
CCCC/GGGG CC C C -19.9 -21.2 -1.3 
CCCG/GGGC C G -33.7 -13.8 
GCCC/CGGG G C -28.9 -9.0 
GCCG/CGGC G G -32.0 -12.1 
CCGC/GGCG CG C C -27.2 -27.7 -0.5 
CCGG/GGCC C G -17.7 9.5 
GCGC/CGCG G C -41.7 -14.5 
CGCC/GCGG GC C C -24.4 -28.2 -3.8 
CGCG/GCGC C G -23.7 0.7 
GGCC/CCGG G C -37.1 -12.7 
To observe the NNN effect on the base-pair-step, the differences of AS。 
between the two models are compared. When the difference is negative, the loss of 
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conformational entropy of the base-pair-step in the middle is relatively larger. When 
the AS。difference between the two models is positive, the loss of conformational 
entropy is relatively smaller. Since the term (-TAS。）in equation [2.5] makes a positive 
contribution to the AG。，the more negative value in AS° makes the DNA duplex less 
stable. 
In the N N model, the most negative value of AS° is CG (Table 4.5) whereas in 
the N N N model, the most negative value of AS° is TTAA. From the last column in 
Table 4.5，AS° of TTAA has the largest negative value when comparing between the 
two models. This shows that when considering the NNN effect on the base-pair-step in 
TA, with the base pair adjacent to TA is 5'-T and 3,-A, the entropy of the base-pair-step 
in the middle is increased. 
In order to consider the overall stability of a DNA sequence, the AG° values 
between the two models have also been determined at 31 OK and the values are 
summarized in Table 4.6. 
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Table 4.6 
Summary of the N N N effect on the Gibbs free energy change，AG° at 31 OK 
XNNX' AG°3ioK(kcal/mol) 
Tetramer unit N N X X' N N model K N N model d i f f 
AAAA/TTTT A A A A -1.0 -1.1 -0.1 
AAAT/TTTA A T -1.3 -0.3 
TAAA/ATTT T A -0.9 0.1 
TAAT/ATTA T T -1.2 - 0 2 
AATA/TTAT AT A A -0.9 -0.9 0.0 
AATT/TTAA A T -1.1 -0.2 
TATA/AT AT T A -0.8 0.1 
ATAA/TATT TA A A -0.6 -0.8 -0.2 
ATAT/TATA A T -0.9 -0.3 
TTAA/AATT T A -0.4 0.2 
CCCC/GGGG CC C C -1.8 -1.9 -0.1 
CCCG/GGGC C G -2.4 -0.6 
GCCC/CGGG G C -2.5 -0.7 
GCCG/CGGC G G -2.7 -0.9 
CCGC/GGCG CG C C -2.2 -2.4 -0.2 
CCGG/GGCC C G -1.9 0.3 
GCGC/CGCG G C -3.1 -0.9 
CGCC/GCGG GC C C -2.2 -2.4 -0.2 
CGCG/GCGC C G -2.3 -0.1 
GGCC/CCGG _ G C -2J_ -0.5 
In Table 4.6，AG° is negative, indicating both units in the N N model and the 
N N N model are feasible to form DNA duplex. However, the negative values are very 
small because the N N and the NNN units at 31 OK were unstable when comparing with 
the units at low temperature by equation [2.5]. The more negative the value of AG。 
indicates a higher stabilities of DNA sequence. The last column in Table 4.6，the value 
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is negative indicating the base-pair-step is more stable. The positive values means that 
the overall stability of the base-pair-step is decreased by N N N effect. 
For AATA/TTAT, there is no difference between the values of AG°3IOK in the 
N N model and the N N N model. In Table 4.6，CG and GC have the same values of 
AG°3iok in the N N model indicate they have the same stabilities. When the N N N effect 
is consider, the base pairs adjacent to both of them are 5，-C and 3，-C, the same 
stabilities are observed. Moreover, the AG。value is more negative than the values in 
the N N model. This indicates there is an increase in stability by the N N N effect. 
However, when the base pair adjacent to XCGX，is 5'-C and G-3,，the difference of 
AG。between the two models is positive. This indicates the N N N effect destabilize the 
base-pair-step of CG. 
4.2.3 Sequence-specific local structure of DNA and the NNN effect 
By comparing the thermodynamic parameters between the N N model and the 
N N N model, the N N N effect on the DNA sequence with different combination of bases 
can be observed. The main difference between the N N model and the N N N model lies 
in the consideration of the N N N effect. It has been suggested that the local stability is 
determined by the local structure as revealed through sequence-specific local structural 
function Els of D N A ] Moreover, it has also been shown that the local stability of DNA 
correlated with Zls which described the contribution arising from the twist, the roll, the 
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Figure 4.3 Four helical parameters describing the sequence-specific local structural 
function E l s 
I^LS 二 + Propeller | + \Twist | + \ROII\ [4.3: 
In the analysis of the base-pair-step helical parameters, the twist and the roll, 
are analyzed in tetramer block units. The effect of the bases adjacent to the base-pair-
step is also considered. Since the local stability of DNA depends on the sequence 
specific local structures of DNA, the NNN effect should not be neglected. The results 
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reported in this thesis also show that this effect is significant in affecting the 
thermodynamic stability of DNA. 
The S l s values of the tetramer units obtained from the literature^ and the 
relative local stabilities (AG°283k) are summarized in Table 4.7. Only four S l s values 
are available for either pure AT or CG tetramer units. They are AATT, AT AT, GGCC 
and GCGC. 
Table 4.7 
Summary of the relative local stabilities of tetramer units and the sequence-specific 
local structural function S l s ^ 
SLS AG°283K (the NNN model) AG°283K (the NN model) 
Base-pair-step Q (kcal/mol) (kcal/mol) 
AATT 95.2 -1.9 -4.6 
AT AT 88.7 -1.8 -3.4 
GGCC 49.9 -3.7 -7.6 
GCGC ^ ± 2 ± 0 
The AG�283k values obtained from the NNN model are for single tetramer unit, 
i.e. the value is an indication of the stability of base-pair-step that includes the NNN 
effect. For the value obtained from the N N model, the NNN effect is not included. 
Since the values predicted from the two models are different, the relative stability is 
clearly observed. A plot of E l s against AG°283k obtained using the N N model and the 
NNN model is shown in Figure 4.4 and 4.5. 
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A correlation coefficient of 0.80 is obtained for the plot using the NN model. 
The coefficient is improved to 0.89 by using the data obtained from the NNN model. 
This shows that by incorporating with the NNN effect, a sufficient improvement in 
predicting the local stability of DNA is achieved. 
According to the Zls-AG°283K correlation, the tetramer units with higher 
stability w i l l have a low E L S value where tetramer units having a low stability usually 
incorporate a high ELS value. As a result, CG tetramer units with a higher ELS are more 
stable than AT tetramer units have a lower ELS. From the thermodynamic result, the 
values of AG�3IOK for CG tetramer units is more negative than the AT tetramer units. 
“ 2:LS(。） 
A ATT � 1 0 0 
- 90 ^ ^ ATAT _8O 
GCGC. - 70 
- 60 
• GGCC - 50 
I 1 —1 1 1 L 40 
-10.0 -8.0 -6.0 -4.0 -2.0 
AG�283K:(kcal/mol) 
Figure 4.4 A plot of sequence-specific local structural function ELS against AG°283K 





^ ^ ^ ^ ATAT . 80 
GCGC - 70 
• GGCC - 50 
, , , 1 i 1 1- 40 
-4.5 -4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0 
AG°283k (Kcal/mol) 
Figure 4.5 A plot of sequence-specific local structural function ZLS against AG°283K 
predicted from the NNN model 
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CHAPTER FIVE 
SUMMARY AND FUTURE WORKS 
In this thesis, a new model, the NNN model, has been developed to predict the 
stability of DNA. The NNN effect is included in the prediction and an improved result 
is obtained. The thermodynamic parameters (AH。，AS。and AG。) of the tetramer units 
indicate that the tetramer units which have the same AG。values can have different AH。 
values and AS。values. From the AG。values extracted from the experiment (Table 4.2), 
the stabilities of CG tetramer units are more stable than the AT tetramer units. 
GCGC/CGCG has the largest stability whereas TTAA/AATT has the smallest stability 
among all the tetramer units extract from the thermodynamic data. 
By comparing the thermodynamic parameters between the N N model and the 
N N N model, the NNN effect has been estimated. The stabilities of the tetramer unit 
with the same base-pair-step but different base-pairs adjacent to the base-pair-step have 
been shown to be different. The difference of AG。values between the two models is 
the relative stability of the next nearest-neighbor on the base-pair-step in the middle. 
The negative value in the difference of AG° indicates the base-pair-step is more stable. 
The positive values means that the overall stability of the base-pair-step is decreased by 
the NNN effect. By comparing the difference of AG° between the two models, 
TAAA/ATTT, TATA/ATAT, TTAA/AATT and CCGG/GGCC give the positive 
values. This indicates that the NNN effect destabilizes the base-pair-step in the middle. 
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A pervious study has shown that the N N N effect must be considered in order 
to study the local DNA structure and its stability) In this thesis, the result shows that 
the correlation between the sequence-specific local structural function E L S and the AG。 
values of the tetramer units is improved when the AG。values are obtained from the 
N N N model. 
The data presented here for the N N N model demonstrates convincingly 
improved prediction of the stability of DNA. However, the total combination of the 
tetramer units required is 135，which is much larger than that of the N N model (the total 
combination of N N units is 10). To establish a better picture and the validity of the 
development of the N N N model, extraction the entire tetramer unit is very intensive. 
There is a need to expand the database of DNA sequences for this purpose because the 
number of DNA sequences reported in the literature is limited and is insufficient to 
allow extraction of thermodynamic data for all tetramer units. 
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APPENDIX I 
Summary of UV experimental result for AT sequences 
Seq. no. Sequence no. of data obtained slope intercept 
AT-01 AAAAATTTTT 8 -2.867E-05 2.949E-03 0.996 
AT-02 AAAATATTTT 8 -3.404E-05 2.941E-03 0.997 
AT-03 TAAAATTTTA 8 -3.408E-05 2.920E-03 0.992 
AT-04 AAATTAATTT 8 -3.455E-05 2.951E-03 0.996 
AT-05 AAATATATTT 8 -3.616E-05 2.965E-03 0.995 
AT-06 AATATATATT 8 -3.440E-05 3.009E-03 0.992 
AT-07 ATAAATTTAT 8 -3.223E-05 2.955E-03 0.996 
AT-08 TTAAATTTAA 8 -3.030E-05 3.029E-03 0.997 
AT-09 ATTAATTAAT 9 -3.435E-05 2.968E-03 0.991 
AT-10 TATAATTATA 11 -3.873E-05 2.920E-03 0.991 
AT-11 ATAATATTAT 8 -3.138E-05 3.024E-03 0.993 
AT-12 AATTTAAATT 8 -3.278E-05 2.987E-03 0.994 
AT-13 TTATATATAA 8 -3.490E-05 3.051E-03 0.991 
AT-14 TTAATATTAA 8 -3.483E-05 3.020E-03 0.992 
AT-15 TTTTATAAAA 8 -3.623E-05 3.019E-03 0.992 
AT-16 TTTATATAAA 9 -3.562E-05 3.018E-03 0.991 
AT-17 ATTTTAAAAT 8 -3.385E-05 2.970E-03 0.993 
AT-18 TAATTAATTA 8 -3.974E-05 2.944E-03 0.991 
AT-19 TATTTAAATA 8 -3.772E-05 2.966E-03 0.991 
AT-20 AATTATAATT 8 -3.723E-05 2.964E-03 0.999 
AT-21 ATATTAATAT 8 -3.402E-05 3.000E-03 0.997 
AT-22 TAATATATTA 8 -4.394E-05 2.918E-03 0.992 
AT-23 TATTATAATA 8 -3.445E-05 3.011E-03 0.992 
AT-24 AATAATTATT 9 -3.683E-05 2.920E-03 0.991 
AT-25 ATTTATAAAT 8 -3.920E-05 2.942E-03 0.993 
AT-26 ATTATATAAT 8 -3.711E-05 2.979E-03 0.994 
AT-27 TAAATATTTA 9 -3.874E-05 2.929E-03 0.991 
AT-28 TTTAATTAAA 8 -3.523E-05 3.007E-03 0.993 
AT-29 TTTTTAAAAA 8 -3.489E-05 2.996E-03 0.992 
AT-30 TTATTAATAA 8 -3.341E-Q5 3.Q29E-Q3 0.994 
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APPENDIX II 
Summary of UV experimental result for CG sequences 
Seq. no. Sequence no. of data obtained slope intercept 
CG-01 CCCCCGGGGG 9 -2.996E-05 2.658E-03 " " ” “ 
CG-02 GGGGGCCCCC 8 -2.804E-05 2.637E-03 0.991 
CG-03 CCCCGCGGGG 8 -2.959E-05 2.622E-03 0.997 
CG-04 GGGGCGCCCC 8 -2.453E-05 2.646E-03 0.999 
CG-05 CCCGGCCGGG 9 -2.672E-05 2.624E-03 0.995 
CG-06 CCCGCGCGGG 9 -2.237E-05 2.650E-03 0.994 
CG-07 GGGCCGGCCC 8 -2.422E-05 2.635E-03 0.998 
CG-08 GGGCGCGCCC 8 -2.557E-05 2.617E-03 0.998 
CG-09 CCGGGCCCGG 8 -2.569E-05 2.639E-03 0.998 
CG-10 CCGCCGGCGG 9 -2.470E-05 2.633E-03 0.990 
CG-11 CCGGCGCCGG 9 -2.500E-05 2.622E-03 0.991 
CG-12 CCGCGCGCGG 8 -2.380E-05 2.626E-03 0.996 
CG-13 GGCCCGGGCC 8 -2.332E-05 2.676E-03 0.998 
CG-14 GGCGGCCGCC 8 -2.412E-05 2.632E-03 0.993 
CG-15 GGCCGCGGCC 8 -2.399E-05 2.645E-03 0.994 
CG-16 GGCGCGCGCC 8 -2.261E-05 2.639E-03 0.994 
CG-17 CGCCCGGGCG 8 -2.380E-05 2.663E-03 0.996 
CG-18 CGGCCGGCCG 8 -2.185E-05 2.648E-03 0.993 
CG-19 CGGGCGCCCG 9 -2.288E-05 2.657E-03 0.992 
CG-20 CGGGGCCCCG 8 -2.443E-05 2.671E-03 0.991 
CG-21 CGCGGCCGCG 8 -2.360E-05 2.628E-03 0.996 
CG-22 CGGCGCGCCG 8 -2.265E-05 2.641E-03 0.993 
CG-23 GCGGGCCCGC 8 -2.323E-05 2.651E-03 0.992 
CG-24 GCCGGCCGGC 9 -2.693E-05 2.603E-03 0.991 
CG-25 GCCCGCGGGC 8 -2.639E-05 2.630E-03 0.998 
CG-26 GCCCCGGGGC 8 -2.659E-05 2.657E-03 0.998 
CG-27 GCGCCGGCGC 8 -2.219E-05 2.647E-03 0.992 
CG-28 GCCGCGCGGC 8 -2.287E-05 2.641E-03 0.994 
CG-29 CGCCGCGGCG 8 -2.698E-05 2.589E-03 0.995 
CG-30 GCGGCGCCGC 8 -2.327E-Q5 2.630E-Q3 0.994 
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APPENDIX III 
Summary of thermodynamic parameters for AT sequences 
Seq.no. Sequence Air(kcal/mol) AS。(cal/molK) AG�3i。K(kcal/mol) T^o.in^(K) 
AT-01 AAAAATTTTT -69.31 -204.39 -5.95 311.2 
AT-02 AAAATATTTT -58.38 -171.68 -5.15 307.3 
AT-03 TAAAATTTTA -58.30 -170.25 -5.52 309.2 — 
AT-04 AAATTAATTT -57.51 -169.68 -4.91 305.9 
AT-05 AAATATATTT -54.95 -162.92 -4.45 303.2 
AT-06 AATATATATT -57.76 -173.82 -3.88 300.7 
AT-07 ATAAATTTAT -61.65 -182.20 -5.17 307.5 
AT-08 TTAAATTTAA -65.59 -198.67 -4.00 302.3 
AT-09 ATTAATTAAT -57.85 -171.69 -4.62 304.5 
AT-10 TATAATTATA -51.31 -149.85 -4.86 305.2 
AT-11 ATAATATTAT -63.32 -191.47 -3.97 301.9 
AT-12 AATTTAAATT -60.62 -181.08 -4.49 304.0 
AT-13 TTATATATAA -56.93 -173.69 -3.09 296.5 
AT-14 TTAATATTAA -57.05 -172.28 -3.65 299.4 
AT-15 TTTTATAAAA -54.85 -165.59 -3.52 298.3 
AT-16 TTTATATAAA -55.78 -168.33 -3.60 298.9 
AT-17 ATTTTAAAAT -58.71 -174.35 -4.66 304.7 
AT-18 TAATTAATTA -50.00 -147.19 -4.37 302.1 
AT-19 TATTTAAATA -52.68 -156.23 -4.25 301.8 
AT-20 AATTATAATT -53.38 -158.22 -4.33 302.4 
AT-21 ATATTAATAT -58.41 -175.23 -4.09 301.8 
“ AT-22 TAATATATTA -45.22 -131.94 -4.32 301.0 
AT-23 TATTATAATA -57.68 -173.66 -3.85 300.5 
AT-24 AATAATTATT -53.95 -157.56 -5.11 306.8 
AT-25 ATTTATAAAT -50.68 -149.09 -4.47 302.8 
AT-26 ATTATATAAT -53.54 -159.52 -4.10 301.1 
AT-27 TAAATATTTA -51.29 -150.24 -4.71 304.3 
AT-28 TTT AATT AAA -56.40 -169.56 -3.83 300.2 
AT-29 TTTTTAAAAA -56.95 -170.64 -4.05 301.4 
AT-30 TTATTAATAA -59.48 -180.14 -3M 299.7 
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APPENDIX IV 
Summary of thermodynamic parameters for CG sequences 
Seq. no. Sequence Air(kcal/mol) AS"(cal/molK) aG。3狐(kcal/mol) T ^ o . i r r J ^ 
CG-01 CCCCCGGGGG -66.33 -176.29 -11.68 ” 
CG-02 GGGGGCCCCC -70.88 -186.89 -12.94 337.9 
CG-03 CCCCGCGGGG -67.14 -176.04 -12.57 337.6 
CG-04 GGGGCGCCCC -81.00 -214.34 -14.55 341.5 
CG-05 CCCGGCCGGG -74.36 -195.14 -13.87 341.1 
CG-06 CCCGCGCGGG -88.83 -235.40 -15.86 343.9 
CG-07 GGGCCGGCCC -82.05 -216.21 -15.02 343.2 
CG-08 GGGCGCGCCC -77.71 -203.36 -14.66 343.5 
CG-09 CCGGGCCCGG -77.33 -204.06 -14.07 340.8 
CG-10 CCGCCGGCGG -80.44 -211.80 -14.78 342.8 
CG-11 CCGGCGCCGG -79.49 -208.44 -14.87 343.6 
CG-12 CCGCGCGCGG -83.48 -219.25 -15.52 344.8 
CG-13 GGCCCGGGCC -85.19 -227.93 -14.53 339.7 
CG-14 GGCGGCCGCC -82.39 -216.85 -15.17 343.7 
CG-15 GGCCGCGGCC -82.84 -219.14 -14.91 342.3 
CG-16 GGCGCGCGCC -87.90 -231.99 -15.98 344.9 
CG-17 CGCCCGGGCG -83.47 -222.28 -14.57 340.5 
CG-18 CGGCCGGCCG -90.96 -240.85 -16.30 344.9 
CG-19 CGGGCGCCCG -86.83 -230.72 -15.31 342.4 
CG-20 CGGGGCCCCG -81.33 -217.24 -13.99 338.7 
CG-21 CGCGGCCGCG -84.18 -221.26 -15.59 344.8 
CG-22 CGGCGCGCCG -87.71 -231.68 -15.89 344.6 
CG-23 GCGGGCCCGC -85.53 -226.73 -15.24 342.7 
CG-24 GCCGGCCGGC -73.78 -192.08 -14.24 343.2 
CG-25 GCCCGCGGGC -75.30 -198.06 -13.90 340.8 
CG-26 GCCCCGGGGC -74.73 -198.54 -13.18 337.5 
CG-27 GCGCCGGCGC -89.57 -237.09 -16.07 344.5 
CG-28 GCCGCGCGGC -86.89 -229.45 -15.76 344.3 
CG-29 CGCCGCGGCG -73.65 -190.67 -14.54 344.9 
CG-30 GCGGCGCCGC -85.38 -224.57 -15.76 345.0 
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APPENDIX V 
Summary of revised thermodynamic parameters for AT sequences 
Seq.no. Sequence AH°rev(kcal/mol) AS^ev(cal/molK) AGOw3ioK(kcal/mol) 
AT-01 AAAAATTTTT -73.91 -211.19 -8.44 
AT-02 AAAATATTTT -62.98 -178.48 -7.64 
AT-03 TAAAATTTTA -62.90 -177.05 -8.01 
AT-04 AAATTAATTT -62.11 -176.48 -7.40 
AT-05 AAATATATTT -59.55 -169.72 -6.94 
AT-06 AATATATATT -62.36 -180.62 -6.37 
AT-07 ATAAATTTAT -66.25 -189.00 -7.66 
AT-08 TTAAATTTAA -70.19 -205.47 -6.49 
AT-09 ATTAATTAAT -62.45 -178.49 -7.11 
AT-10 TATAATTATA -55.91 -156.65 -7.35 
AT-11 ATAATATTAT -67.92 -198.27 -6.46 
AT-12 AATTTAAATT -65.22 -187.88 -6.98 
AT-13 TTATATATAA -61.53 -180.49 -5.58 
AT-14 TTAATATTAA -61.65 -179.08 -6.14 
AT-15 TTTTATAAAA -59.45 -172.39 -6.01 
AT-16 TTTATATAAA -60.38 -175.13 -6.09 
AT-17 ATTTTAAAAT -63.31 -181.15 -7.15 
AT-18 TAATTAATTA -54.60 -153.99 -6.86 
AT-19 TATTTAAATA -57.28 -163.03 -6.74 
AT-20 AATTATAATT -57.98 -165.02 -6.82 
AT-21 ATATTAATAT -63.01 -182.03 -6.58 
AT-22 TAATATATTA -49.82 -138.74 -6.81 
AT-23 TATTATAATA -62.28 -180.46 -6.34 
AT-24 AATAATTATT -58.55 -164.36 -7.60 
AT-25 ATTTATAAAT -55.28 -155.89 -6.96 
AT-26 ATTATATAAT -58.14 -166.32 -6.59 
AT-27 TAAATATTTA -55.89 -157.04 -7.20 
AT-28 TTTAATTAAA -61.00 -176.36 -6.32 
AT-29 TTTTTAAAAA -61.55 -177.44 -6.54 
AT-3Q TTATTAATAA -64.08 -186.94 
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APPENDIX VI 
Summary of revised thermodynamic parameters for CG sequences 
Seq.no. Sequence AH^ev(kcal/mol) AS^ev(cal/molK) AG。rev3ioK(kcal/mol) 
CG-01 CCCCCGGGGG -66.53 -169.29 -14.07 
CG-02 GGGGGCCCCC -71.08 -179.89 -15.33 
CG-03 CCCCGCGGGG -67.34 -169.04 -14.96 
CG-04 GGGGCGCCCC -81.20 -207.34 -16.94 
CG-05 CCCGGCCGGG -74.56 -188.14 -16.26 
CG-06 CCCGCGCGGG -89.03 -228.40 -18.25 
CG-07 GGGCCGGCCC -82.25 -209.21 -17.41 
CG-08 GGGCGCGCCC -77.91 -196.36 -17.05 
CG-09 CCGGGCCCGG -77.53 -197.06 -16.46 
CG-10 CCGCCGGCGG -80.64 -204.80 -17.17 
CG-11 CCGGCGCCGG -79.69 -201.44 -17.26 
CG-12 CCGCGCGCGG -83.68 -212.25 -17.91 
CG-13 GGCCCGGGCC -85.39 -220.93 -16.92 
CG-14 GGCGGCCGCC -82.59 -209.85 -17.56 
CG-15 GGCCGCGGCC -83.04 -212.14 -17.30 
CG-16 GGCGCGCGCC -88.10 -224.99 -18.37 
CG-17 CGCCCGGGCG -83.67 -215.28 -16.96 
CG-18 CGGCCGGCCG -91.16 -233.85 -18.69 
CG-19 CGGGCGCCCG -87.03 -223.72 -17.70 
CG-20 CGGGGCCCCG -81.53 -210.24 -16.38 
CG-21 CGCGGCCGCG -84.38 -214.26 -17.98 
CG-22 CGGCGCGCCG -87.91 -224.68 -18.28 
CG-23 GCGGGCCCGC -85.73 -219.73 -17.63 
CG-24 GCCGGCCGGC -73.98 -185.08 -16.63 
CG-25 GCCCGCGGGC -75.50 -191.06 -16.29 
CG-26 GCCCCGGGGC -74.93 -191.54 -15.57 
CG-21 GCGCCGGCGC -89.77 -230.09 -18.46 
CG-28 GCCGCGCGGC -87.09 -222.45 -18.15 
CG-29 CGCCGCGGCG -73.85 -183.67 -16.93 
CG-30 GCGGCGCCGC -85.58 -217.57 -18.15 
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APPENDIX VII 
Summary of the occurrences of the tetramer units in experimental AT sequences 
Occurrences of tetramer units 
Seq. no. Sequences AAAA AAAT AATT ATTA TTAA ATAT TATA AATA TAAA ATAA 
AT-01 AAAAATTTTT 4 2 1 0 0 0 0 0 0 0 
AT-02 AAAATATTTT 2 2 0 0 0 1 0 2 0 0 
AT-03 TAAAATTTTA 2 2 1 0 0 0 0 0 2 0 
AT-04 AAATTAATTT 0 2 2 2 1 0 0 0 0 0 
AT-05 AAATATATTT 0 2 0 0 0 2 1 2 0 0 
AT-06 AATATATATT 0 0 0 0 0 3 2 2 0 0 
AT-07 ATAAATTTAT 0 2 1 0 0 0 0 0 2 2 
AT-08 TTAAATTTAA 0 2 1 0 2 0 0 0 2 0 
AT-09 ATTAATTAAT 0 0 1 4 2 0 0 0 0 0 
AT-10 TATAATTATA 0 0 1 2 0 0 2 0 0 2 
AT-11 ATAATATTAT 0 0 0 2 0 1 0 2 0 2 
AT-12 AATTTAAATT 0 2 2 0 1 0 0 0 2 - 0 
AT-13 TT AT AT ATAA 0 0 0 0 0 2 3 0 0 2 
AT-14 TTAATATTAA 0 0 0 2 2 1 0 2 0 0 
AT-15 TTTTATAAAA 2 0 0 0 0 0 1 0 2 2 
AT-16 TTTATATAAA 0 0 0 0 0 1 2 0 2 2 
AT-17 ATTTTAAAAT 2 2 0 0 1 0 0 0 2 0 
AT-18 TAATTAATTA 0 0 2 4 1 0 0 0 0 0 
AT-19 TATTTAAATA 0 2 0 0 1 0 0 2 2 0 
AT-20 AATTATAATT 0 0 2 2 0 0 1 0 0 2 
AT-21 ATATTAATAT 0 0 0 2 1 2 0 2 0 0 
AT-22 TAAT AT ATTA 0 0 0 2 0 2 1 2 0 0 
AT-23 TATTATAATA 0 0 0 2 0 0 1 2 0 2 
AT-24 AATAATTATT 0 0 1 2 0 0 0 2 0 2 
AT-25 ATTTATAAAT 0 2 0 0 0 0 1 0 2 2 
AT-26 ATTATATAAT 0 0 0 2 0 1 2 0 0 2 
AT-27 TAAATATTTA 0 2 0 0 0 1 0 2 2 0 
AT-28 TTTAATTAAA 0 0 1 2 2 0 0 0 2 0 
AT-29 TTTTTAAAAA 4 0 0 0 1 0 0 0 1 0 
AT-30 TTATTAATAA 0 0 0 2 1 0 0 2 0 2 
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APPENDIX VIII 
Summary of the occurrences of the tetramer units in experimental CG sequences 
Occurrences of tetramer units 
Seq. no. Sequence CCCC CCCG CCGC CGCC GCCC CCGG GGCC CGCG GCGC CGGC 
CG-01 CCCCCGGGGG 4 2 0 0 0 1 0 0 0 0 
CG-02 GGGGGCCCCC 4 0 0 0 2 0 1 0 0 0 
CG-03 CCCCGCGGGG 2 2 2 0 0 0 0 1 0 0 
CG-04 GGGGCGCCCC 2 0 0 2 2 0 0 0 1 0 
CG-05 CCCGGCCGGG 0 2 0 0 0 2 1 0 0 2 
CG-06 CCCGCGCGGG 0 2 2 0 0 0 0 2 1 0 
CG-07 GGGCCGGCCC 0 0 0 0 2 1 2 0 0 2 
CG-08 GGGCGCGCCC 0 0 0 2 2 0 0 1 2 0 
CG-09 CCGGGCCCGG 0 2 0 0 2 2 1 0 0 0 
CG-10 CCGCCGGCGG 0 0 2 2 0 1 0 0 0 2 
CG-11 CCGGCGCCGG 0 0 0 2 0 2 0 0 1 2 
CG-12 CCGCGCGCGG 0 0 2 0 0 0 0 3 2 0 
CG-13 GGCCCGGGCC 0 2 0 0 2 1 2 0 0 0 
CG-14 GGCGGCCGCC 0 0 2 2 0 0 1 0 0 2 
CG-15 GGCCGCGGCC 0 0 2 0 0 0 2 1 0 2 
CG-16 GGCGCGCGCC 0 0 0 2 0 0 0 2 3 0 
CG-17 CGCCCGGGCG 0 2 0 2 2 1 0 0 0 0 
CG-18 CGGCCGGCCG 0 0 0 0 0 1 2 0 0 4 
CG-19 CGGGCGCCCG 0 2 0 2 2 0 0 0 1 0 
CG-20 CGGGGCCCCG 2 2 0 0 2 0 1 0 0 0 
CG-21 CGCGGCCGCG 0 0 2 0 0 0 1 2 0 2 
CG-22 CGGCGCGCCG 0 0 0 2 0 0 0 1 2 2 
CG-23 GCGGGCCCGC 0 2 2 0 2 0 1 0 0 0 
CG-24 GCCGGCCGGC 0 0 0 0 0 2 1 0 0 4 
CG-25 GCCCGCGGGC 0 2 2 0 2 0 0 1 0 0 
CG-26 GCCCCGGGGC 2 2 0 0 2 1 0 0 0 0 
CG-27 GCGCCGGCGC 0 0 0 2 0 1 0 0 2 2 
CG-28 GCCGCGCGGC 0 0 2 0 0 0 0 2 1 2 
CG-29 CGCCGCGGCG 0 0 2 2 0 0 0 1 0 2 
CG-30 GCGGCGCCGC 0 0 2 2 0 0 0 0 1 2 
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APPENDIX IX 
Summary of the enthalpy change (AH。）for AT sequences 
A H � ( _ ) AH f^ared) of the NN model of the NNN model 
Seq. no. Observation (kcal/mol) AHVcai/md� �/�Error AH^ acai/mon •/�Error 
AT-01 AAAAATTTTT -69.31 -62.1 10.5% -64.8 6.5% 
AT-02 AAAATATTTT -58.38 -59.8 2.5% -60.6 3.8% 
AT-03 TAAAATTTTA -58.30 -57.2 1.9% -55.6 4.7% 
AT-04 AAATTAATTT -57.51 -59.8 4.0% -59.4 3.2% 
AT-05 AAATATATTT -54.95 -57.6 4.8% -56.8 3.3% 
AT-06 AATATATATT -57.76 -55.3 4.2% -54.3 6.0% 
AT-07 ATAAATTTAT -61.65 -57.6 6.6% -61.1 0.9% 
AT-08 TTAAATTTAA -65.59 -57.2 12.8% -62.9 4.1% 
AT-09 ATTAATTAAT -57.85 -57.6 0.5% -55.1 4.8% 
AT-10 TATAATTATA -51.31 -52.7 2.7% -51.4 0.2% 
AT-11 ATAATATTAT -63.32 -55.3 12.6% -58.3 7.9% 
AT-12 AATTTAAATT -60.62 -59.8 1.3% -59.3 2.1% 
AT-13 TTATATATAA -56.93 -52.7 7.4% -58.3 2.5% 
AT-14 TTAATATTAA -57.05 -54.9 3.7% -60.1 5.4% 
AT-15 TTTTATAAAA -54.85 -57.2 4.2% -56.8 3.6% 
AT-16 TTTATATAAA -55.78 -57.6 3.2% -53.0 5.1% 
AT-17 ATTTTAAAAT -58.71 -59.8 1.9% -59.1 0.7% 
AT-18 TAATTAATTA -50.00 -54.9 9.9% -51.6 3.1% 
AT-19 TATTTAAATA -52.68 -54.9 4.3% -53.4 1-3% 
AT-20 AATTATAATT -53.38 -57.6 7.9% -57.1 6.9% 
AT-21 ATATTAATAT -58.41 -55.3 5.2% -58.2 0.4% 
AT-22 TAATATATTA -45.22 -52.7 16.6% -48.9 8.2% 
AT-23 TATTATAATA -57.68 -52.7 8.6% -51.1 11.4% 
AT-24 AATAATTATT -53.95 -57.6 6.7% -56.8 5.2% 
AT-25 ATTTATAAAT -50.68 -57.6 13.6% -55.4 9.3% 
AT-26 ATTATATAAT -53.54 -55.3 3.4% -53.0 U � / � 
AT-27 TAAATATTTA -51.29 -54.9 7.1% -51.4 0.2% 
AT-28 TTTAATTAAA -56.40 -57.2 1.4% -55.1 2.3% 
AT-29 TTTTTAAAAA -56.95 -59.4 4.3% -60.5 6.3% 
AT-30 TTATTAATAA -59.48 -54.9 7.6% 1.4% 
Average % error 6.1% Average % error 4.1% 
Average diff. 3.4 kcal/mol Average diff. 2.3 kcal/mol 
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APPENDIX X 
Summary of the entropy change (AS。）for AT sequences 
AS� (e_ of the NN model AS°(p_of the NNN model 
Seq. no. Sequence (cal/molK) ASVai/moiK) % Error AS�(cai/nioiK) % Error 
AT-01 AAAAATTTTT -204.39 -183.8 10.1% -190.6 6.7% 
AT-02 AAAATATTTT -171.68 -177.5 3.4% -179.0 4.2% 
AT-03 TAAAATTTTA -170.25 -170.4 0.1% -162.1 4.8% 
AT-04 AAATTAATTT -169.68 -177.5 4.6% -174.6 2.9% 
AT-05 AAATATATTT -162.92 -171.2 5.1% -168.1 3.2% 
AT-06 AATATATATT -173.82 -164.9 5.2% -163.4 6.0% 
AT-07 ATAAATTTAT -182.20 -171.2 6.1% -181.6 0.3% 
AT-08 TTAAATTTAA -198.67 -170.4 14.2% -189.9 4.4% 
AT-09 ATTAATTAAT -171.69 -171.2 0.3% -164.0 4.5% 
AT-10 TATAATTATA -149.85 -157.8 5.3% -152.1 1-5% 
AT-11 ATAATATTAT -191.47 -164.9 13.9% -174.4 8.9% 
AT-12 AATTTAAATT -181.08 -177.5 2.0% -176.4 2.6% 
AT-13 TTATATATAA -173.69 -157.8 9.2% -177.3 2.1% 
AT-14 TTAATATTAA -172.28 -164.1 4.8% -182.7 6.0% 
AT-15 TTTTATAAAA -165.59 -170.4 2.9% -170.5 3.0% 
AT-16 TTTATATAAA -168.33 -171.2 1.7% -159.6 5.2% 
AT-17 ATTTTAAAAT -174.35 -177.5 1.8% -175.6 0.7% 
AT-18 TAATTAATTA -147.19 -164.1 11.5% -150.5 2.2% 
AT-19 TATTTAAATA -156.23 -164.1 5.0% -158.2 1.3% 
AT-20 AATTATAATT -158.22 -171.2 8.2% -169.4 7.1% 
AT-21 ATATTAATAT -175.23 -164.9 5.9% -174.8 0.2% 
AT-22 TAATATATTA -131.94 -157.8 19.6% -144.0 9.1% 
AT-23 TATTATAATA -173.66 -157.8 9.1% -151.3 12.9% 
AT-24 AATAATTATT -157.56 -171.2 8.6% -168.6 7.0% 
AT-25 ATTTATAAAT -149.09 -171.2 14.8% -164.3 10.2% 
AT-26 ATTATATAAT -159.52 -164.9 3.4% -157.9 1-0% 
AT-27 TAAATATTTA -150.24 -164.1 9.2% -150.4 0.1% 
AT-28 TTTAATTAAA -169.56 -170.4 0.5% -165.8 2.2% 
AT-29 TTTTTAAAAA -170.64 -176.7 3.6% -181.8 6.5% 
AT-30 TTATTAATAA -180.14 -164.1 8.9% -182.2 1.1% 
Average % error 6.6% Average % error 4.3% 
Average diff. 11.1 cal/molK Average diff. 7.2 cal/molK 
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APPENDIX XI 
Summary of the Gibbs free energy change (AG。）at 310K for AT sequences 
AG°3i0K(expt) AG'^ 3i0K(pred) of the NN modd AG°3i0K(pred) of the NNN model 
Seq. no. Sequence (kcal/mol) AG°3ioK(kcai/moi) % Error AG°3iQK(kcai/nio]) % Error 
AT-01 AAAAATTTTT -5.95 -6.2 5.0% -5.7 3.9% 
AT-02 AAAATATTTT -5.15 -5.7 10.3% -5.1 0.1% 
AT-03 TAAAATTTTA -5.52 -6.0 8.0% -5.3 3.7% 
AT-04 AAATTAATTT -4.91 -5.7 15.9% -5.2 6.7% 
AT-05 AAATATATTT -4.45 -5.1 15.2% -4.6 4.5% 
AT-06 AATATATATT -3.88 -4.6 17.6% -3.6 6.0% 
AT-07 ATAAATTTAT -5.17 -5.1 0.8% -4.8 7.5% 
AT-08 TTAAATTTAA -4.00 -6.0 49.1% -4.0 0.4% 
AT-09 ATT AATT AAT -4.62 -4.8 4.7% -4.2 8.2% 
AT-10 TATAATTATA -4.86 -4.8 0.4% -4.2 12.5% 
AT-11 ATAATATTAT -3.97 -4.6 14.9% -4.3 7.8% 
AT-12 AATTTAAATT -4.49 -5.7 26.8% -4.7 4.2% 
AT-13 TTATATATAA -3.09 -4.8 56.8% -3.4 9.1% 
AT-14 TTAATATTAA -3.65 -5.4 48.1% -3.5 3.6% 
AT-15 TTTTATAAAA -3.52 -6.0 69.6% -4.0 13.0% 
AT-16 TTTATATAAA -3.60 -5.4 50.1% -3.5 3.5% 
AT-17 ATTTTAAAAT -4.66 -5.7 22.1% -4.7 0.0% 
AT-18 TAATTAATTA -4.37 -5.4 23.6% -4.9 12.3% 
AT-19 TATTTAAATA -4.25 -5.4 27.2% -4.3 1-4% 
AT-20 AATTATAATT -4.33 -5.1 18.3% -4.6 5.2% 
AT-21 ATATTAATAT -4.09 -4.6 11.4% "4.0 3.3% 
AT-22 TAATATATTA -4.32 -4.8 12.0% -4.3 0.2% 
AT-23 TATTATAATA -3.85 -4.8 25.8% -4.2 8.8% 
AT-24 AATAATTATT -5.11 -5.1 0.3% -4.5 12.1% 
AT-25 ATTTATAAAT -4.47 -4.5 0.7% -4.5 0.0% 
AT-26 ATTATATAAT -4.10 -4.2 3.6% -4.0 1-5% 
AT-27 TAAATATTTA -4.71 -4.1 13.5% -4.7 0.7% 
AT-28 TTT AATT AAA -3.83 -4.4 13.7% -3.7 3.9% 
AT-29 TTTTTAAAAA -4.05 -4.6 14.5% -4.2 2.1% 
AT-30 TTATTAATAA -3.64 -4.1 • 12.1% M 
Average % error 19.7% Average % error 5.1% 
Average diff. 0.8 kcal/mol Average diff. 0.2 kcal/mol 
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APPENDIX XII 
Summary of the melting temperature (Tm) at O.lmM for AT sequences 
T m O . l m M ( e x p t ) 丁出 O. lmM(卩red) Of the NN model T^ O . l m M ( p r e d ) of the NNN modd 
Seq. no. Sequence ^ Imo.imMOQ % Error Tmo.imMOQ % Error 
AT-01 AAAAATTTTT 311.2 312.7 0.5% 310.2 0.3% 
AT-02 AAAATATTTT 307.3 310.1 0.9% 307.3 0.0% 
AT-03 TAAAATTTTA 309.2 311.4 0.7% 308.0 0.4% 
AT-04 AAATTAATTT 305.9 310.1 1.4% 310.2 1.4% 
AT-05 AAATATATTT 303.2 307.3 1.3% 307.3 1.4% 
AT-06 AATATATATT 300.7 304.5 1.3% 308.0 2.4% 
AT-07 ATAAATTTAT 307.5 307.3 0.0% 307.7 0.1% 
AT-08 TTAAATTTAA 302.3 311.4 3.0% 304.5 0.7% 
AT-09 ATTAATTAAT 304.5 305.9 0.5% 298.9 1.8% 
AT-10 TATAATTATA 305.2 305.9 0.2% 305.5 0.1% 
AT-11 ATAATATTAT 301.9 304.5 0.9% 302.0 0.1% 
AT-12 AATTTAAATT 304.0 310.1 2.0% 302.2 0.6% 
AT-13 TTATATATAA 296.5 305.9 3.1% 301.6 1-7% 
AT-14 TTAATATTAA 299.4 308.7 3.1% 302.7 1.1% 
AT-15 TTTTATAAAA 298.3 311.4 4.4% 304.9 2.2% 
AT-16 TTTATATAAA 298.9 308.7 3.3% 298.2 0.2% 
AT-17 ATTTTAAAAT 304.7 310.1 1.8% 299.3 1-8% 
AT-18 TAATTAATTA 302.1 308.7 2.2% 301.0 0.4% 
AT-19 TATTTAAATA 301.8 308.7 2.3% 297.6 1.4% 
AT-20 AATTATAATT 302.4 307.3 1.6% 304.8 0.8% 
AT-21 ATATTAATAT 301.8 304.5 0.9% 305.4 1-2% 
AT-22 TAATATATTA 301.0 305.9 1.6% 302.2 0.4% 
AT-23 TATTATAATA 300.5 305.9 1.8% 304.0 1-2% 
AT-24 AATAATTATT 306.8 307.3 0.2% 301.1 1.8% 
AT-25 ATTTATAAAT 302.8 303.9 0.4% 301.6 0.4% 
AT-26 ATTATATAAT 301.1 302.2 0.4% 301.2 0.0% 
AT-27 TAAATATTTA 304.3 301.2 1.0% 303.7 0.2% 
AT-28 TTTAATTAAA 300.2 303.0 0.9% 303.4 1.1% 
AT-29 TTTTTAAAAA 301.4 304.7 1.1% 300.7 0.2% 
AT-30 TTATTAATAA 299.7 301.2 304.5 1.6% 
Average % error 1.4% Average % error 0.9% 
Average diff. 4.3 K Average diff. 2.7 K 
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APPENDIX XIII 
Summary of the enthalpy change (AH。）for CG sequences 
A H � ( _ ) a h � — d ) of the NN mode of the NNN model 
Seq.no. Sequence (kcal/mol) AH�(kcai/m�i) % Error AHO(kca]/m�i) % Error 
CG-01 CCCCCGGGGG -66.33 -74.4 10.8% -66.7 0.6% 
CG-02 GGGGGCCCCC -70.88 -73.6 3.7% -70.6 0.4% 
CG-03 CCCCGCGGGG -67.14 -78.8 14.8% -74.1 9.4% 
CG-04 GGGGCGCCCC -81.00 -78.0 3.8% -77.7 4.2% 
CG-05 CCCGGCCGGG -74.36 -78.8 5.6% -79.7 6.7% 
CG-06 CCCGCGCGGG -88.83 -83.2 6.8% -82.8 7.3% 
CG-07 GGGCCGGCCC -82.05 -78.0 5.2% -83.6 1.8% 
CG-08 GGGCGCGCCC -77.71 -82.4 5.7% -86.4 10.1% 
CG-09 CCGGGCCCGG -77.33 -78.8 1.9% -77.4 0.1% 
CG-10 CCGCCGGCGG -80.44 -83.2 3.3% -76.7 4.9% 
CG-11 CCGGCGCCGG -79.49 -83.2 4.5% -78.0 1.9% 
CG-12 CCGCGCGCGG -83.48 -87.6 4.7% -82.6 1.0% 
CG-13 GGCCCGGGCC -85.19 -78.0 9.2% -84.1 1.2% 
CG-14 GGCGGCCGCC -82.39 -82.4 0.0% -83.4 1.2% 
CG-15 GGCCGCGGCC -82.84 -82.4 0.5% -85.0 2.5% 
CG-16 GGCGCGCGCC -87.90 -86.8 1.3% -89.2 1.4% 
CG-17 CGCCCGGGCG -83.47 -83.2 0.3% -78.0 7.0% 
CG-18 CGGCCGGCCG -90.96 -83.2 9.3% -85.9 5.9% 
CG-19 CGGGCGCCCG -86.83 -83.2 4.4% -86.6 0.2% 
CG-20 CGGGGCCCCG -81.33 -78.8 3.2% -79.5 2.4% 
CG-21 CGCGGCCGCG -84.18 -87.6 3.9% -80.4 4.7% 
CG-22 CGGCGCGCCG -87.71 -87.6 0.1% -88.8 1.2% 
CG-23 GCGGGCCCGC -85.53 -82.4 3.8% -84.6 1.1% 
CG-24 GCCGGCCGGC -73.78 -82.4 10.5% -79.1 6.7% 
CG-25 GCCCGCGGGC -75.30 -82.4 8.6% -80.1 6.0% 
CG-26 GCCCCGGGGC -74.73 -78.0 4.2% -72.7 2.8% 
CG-27 GCGCCGGCGC -89.57 -86.8 3.2% -86.6 3.5% 
CG-28 GCCGCGCGGC -86.89 -86.8 0.1% -82.2 5.7% 
CG-29 CGCCGCGGCG -73.65 -87.6 15.9% -78.9 6.6% 
CG-30 GCGGCGCCGC -85.38 -86.8 1.6% -85.2 0.2% 
Average % error 5.0% Average % error 3.6% 
Average diff. 4.1 kcal/mol Average diff. 2.9 kcal/mol 
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APPENDIX XIV 
Summary of the entropy change (AS°) for CG sequences 
AS°rexno of the NN model AS°(pred) of the NNN model 
Seq. no. Sequence (cal/molK) AS�(cai/m�丨k) % Error ASO(cai/moiK) % Error 
CG-01 CCCCCGGGGG -176.29 -193.4 8.8% -177.0 0.4% 
CG-02 GGGGGCCCCC -186.89 -190.6 1.9% -186.7 0.1% 
CG-03 CCCCGCGGGG -176.04 -205.2 14.2% -196.0 10.2% 
CG-04 GGGGCGCCCC -214.34 -202.4 5.9% -205.2 4.4% 
CG-05 CCCGGCCGGG -195.14 -205.2 4.9% -210.9 7.5% 
CG-06 CCCGCGCGGG -235.40 -217.0 8.5% -218.9 7.5% 
CG-07 GGGCCGGCCC -216.21 -202.4 6.8% -220.6 2.0% 
CG-08 GGGCGCGCCC -203.36 -214.2 5.1% -228.2 10.9% 
CG-09 CCGGGCCCGG -204.06 -205.2 0.6% -204.7 0.3% 
CG-10 CCGCCGGCGG -211.80 -217.0 2.4% -200.4 5.7% 
CG-11 CCGGCGCCGG -208.44 -217.0 3.9% -204.3 2.0% 
CG-12 CCGCGCGCGG -219.25 -228.8 4.2% -216.8 1.1% 
CG-13 GGCCCGGGCC -227.93 -202.4 12.6% -224.2 1.7% 
CG-14 GGCGGCCGCC -216.85 -214.2 1.2% -219.8 1.3% 
CG-15 GGCCGCGGCC -219.14 -214.2 2.3% -224.3 2.3% 
CG-16 GGCGCGCGCC -231.99 -226.0 2.6% -235.8 1.6% 
CG-17 CGCCCGGGCG -222.28 -217.0 2.4% -206.3 7.8% 
CG-18 CGGCCGGCCG -240.85 -217.0 11.0% -226.8 6.2% 
CG-19 CGGGCGCCCG -230.72 -217.0 6.3% -230.3 0.2% 
CG-20 CGGGGCCCCG -217.24 -205.2 5.9% -211.8 2.6% 
CG-21 CGCGGCCGCG -221.26 -228.8 3.3% -210.8 5.0% 
CG-22 CGGCGCGCCG -231.68 -228.8 1.3% -234.4 1.1% 
CG-23 GCGGGCCCGC -226.73 -214.2 5.8% -224.8 0.9% 
CG-24 GCCGGCCGGC -192.08 -214.2 10.3% -207.3 7.4% 
CG-25 GCCCGCGGGC -198.06 -214.2 7.5% -211.3 6.3% 
CG-26 GCCCCGGGGC -198.54 -202.4 1.9% -192.3 3.2% 
CG-27 GCGCCGGCGC -237.09 -226.0 4.9% -228.4 3.8% 
CG-28 GCCGCGCGGC -229.45 -226.0 1.5% -215.4 6.5% 
CG-29 CGCCGCGGCG -190.67 -228.8 16.7% -206.3 7.6% 
CG-30 GCGGCGCCGC -224.57 -226.0 0.6% -224.4 0.1% 
Average % error 5.5% Average % error 3.9% 
Average diff. 11.8 cal/molK Average diff. 8.3 cal/molK 
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APPENDIX XV 
Summary of the Gibbs free energy change (AG。）at 310K for CG sequences 
AG°3i0K(expt) AG°3i0Kfored) of the NN model AG°3i0K(pred) of the NNN model 
Seq. no. Sequence (kcal/mol) AG°3ioK(kcaVmoi) % Error AG°3ioK(kcai/moi) % Error 
CG-01 CCCCCGGGGG -11.68 -14.4 19.1% -11.87 1.6% 
CG-02 GGGGGCCCCC -12.94 -14.5 10.9% " -12.71 1.8% 
CG-03 CCCCGCGGGG -12.57 -15.2 17.2% -13.36 5.9% 
CG-04 GGGGCGCCCC -14.55 -15.3 4.6% -14.12 3.1% 
CG-05 CCCGGCCGGG -13.87 -15.2 8.7% -14.33 3.2% 
CG-06 CCCGCGCGGG -15.86 -15.9 0.4% -14.94 6.2% 
CG-07 GGGCCGGCCC -15.02 -15.3 1.5% -15.17 1.0% 
CG-08 GGGCGCGCCC -14.66 -16.0 8.3% -15.70 6.6% 
CG-09 CCGGGCCCGG -14.07 -15.2 7.3% -13.91 1.2% 
CG-10 CCGCCGGCGG -14.78 -15.9 7.2% -14.55 1.6% 
CG-11 CCGGCGCCGG -14.87 -15.9 6.6% -14.64 1.6% 
CG-12 CCGCGCGCGG -15.52 -16.7 6.9% -15.41 0.7% 
CG-13 GGCCCGGGCC -14.53 -15.3 4.7% -14.65 0.8% 
CG-14 GGCGGCCGCC -15.17 -16.0 5.2% -15.28 0.8% 
CG-15 GGCCGCGGCC -14.91 -16.0 6.8% -15.45 3.5% 
CG-16 GGCGCGCGCC -15.98 -16.7 4.5% -16.08 0.6% 
CG-17 CGCCCGGGCG -14.57 -15.9 8.6% -14.09 3.4% 
CG-18 CGGCCGGCCG -16.30 -15.9 2.3% -15.59 4.5% 
CG-19 CGGGCGCCCG -15.31 -15.9 3.9% -15.22 0.5% 
CG-20 CGGGGCCCCG -13.99 -15.2 7.9% -13.81 1.3% 
CG-21 CGCGGCCGCG -15.59 -16.7 6.5% -15.06 3.5% 
CG-22 CGGCGCGCCG -15.89 -16.7 4.7% -16.12 1.4% 
CG-23 GCGGGCCCGC -15.24 -16.0 4.7% -14.95 1.9% 
CG-24 GCCGGCCGGC -14.24 -16.0 11.0% -14.85 4.1% 
CG-25 GCCCGCGGGC -13.90 -16.0 13.1% -14.56 4.5% 
CG-26 GCCCCGGGGC -13.18 -15.3 13.6% -13.07 0.8% 
CG-27 GCGCCGGCGC -16.07 -16.7 4.0% -15.78 1.8% 
CG-28 GCCGCGCGGC -15.76 -16.7 5.9% -15.46 1.9% 
CG-29 CGCCGCGGCG -14.54 -16.7 12.8% -14.89 2.4% 
CG-3Q GCGGCGCCGC -15.76 -16.7 5.8% -15.68 0-5% 
Average % error 7.5% Average % error 2.4% 
• Average diff. 1.2 kcal/mol Average diff. 0.4 kcal/mol 
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APPENDIX XVI 
Summary of the melting temperature (Tm) at O.lmM for CG sequences 
Tmo.imMCexpt) T o^.imM(pred) of the NN modc T^p.m^ (pred) of the NNN model 
Seq. no. Sequence ^ Tmo.imM(K) % Error Tmo.imM(K) % Error 
CG-01 CCCCCGGGGG 333.0 351.4 5.2% 333.9 0.3% 
CG-02 GGGGGCCCCC 337.9 352.3 4.1% 336.8 0.3% 
CG-03 CCCCGCGGGG 337.6 352.6 4.3% 338.6 0.3% 
CG-04 GGGGCGCCCC 341.5 353.4 3.4% 340.8 0.2% 
CG-05 CCCGGCCGGG 341.1 352.6 3.3% 341.0 0.0% 
CG-06 CCCGCGCGGG 343.9 353.6 2.7% 342.4 0.4% 
CG-07 GGGCCGGCCC 343.2 353.4 2.9% 343.2 0.0% 
CG-08 GGGCGCGCCC 343.5 354.4 3.1% 344.3 0.2% 
CG-09 CCGGGCCCGG 340.8 352.6 3.3% 340.0 0.2% 
CG-10 CCGCCGGCGG 342.8 353.6 3.1% 343.4 0.2% 
CG-11 CCGGCGCCGG 343.6 353.6 2.8% 343.2 0.1% 
CG-12 CCGCGCGCGG 344.8 354.5 2.7% 344.7 0.0% 
CG-13 GGCCCGGGCC 339.7 353.4 3.9% 340.6 0.3% 
CG-14 GGCGGCCGCC 343.7 354.4 3.0% 343.8 0.0% 
CG-15 GGCCGCGGCC 342.3 354.4 3.4% 343.8 0.4% 
CG-16 GGCGCGCGCC 344.9 355.3 2.9% 344.7 0.0% 
CG-17 CGCCCGGGCG 340.5 353.6 3.7% 340.5 0.0% 
CG-18 CGGCCGGCCG 344.9 353.6 2.5% 344.0 0.2% 
CG-19 CGGGCGCCCG 342.4 353.6 3.2% 342.1 0.1% 
CG-20 CGGGGCCCCG 338.7 352.6 3.9% 338.6 0.0% 
CG-21 CGCGGCCGCG 344.8 354.5 2.7% 344.1 0.2% 
CG-22 CGGCGCGCCG 344.6 354.5 2.8% 345.1 0.2% 
CG-23 GCGGGCCCGC 342.7 354.4 3.3% 341.7 0.3% 
CG-24 GCCGGCCGGC 343.2 354.4 3.1% 343.7 0.1% 
CG-25 GCCCGCGGGC 340.8 354.4 3.8% 341.9 0.3% 
CG-26 GCCCCGGGGC 337.5 353.4 4.5% 337.8 0.1% 
CG-27 GCGCCGGCGC 344.5 355.3 3.0% 344.6 0.0% 
CG-28 GCCGCGCGGC 344.3 355.3 3.1% 345.1 0.2% 
CG-29 CGCCGCGGCG 344.9 354.5 2.7% 344.0 0.2% 
CG-30 GCGGCGCCGC 345.0 355.3 344.7 0-1% 
Average % error . 3.3% Average % error 0.2% 
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